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A TOBUZAR LINER 



Background of the Invention 



5 This invention relates generally to a tiibular 

liner, and in particular to a tubular liner for 
wellbore casings that are formed using expandable 
tubing . 

Conventionally, when a wellbore is created, a 
10 number of casings are installed in the borehole to 
prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation 
or inflow of fluid from the formation into the 
borehole. The borehole is drilled in intervals whereby 
15 a casing which is to be installed in a lower borehole 
interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence 
of this procedure the casing of the lower interval is 
of smaller diameter than the casing of the upper 
20 interval. Thus, the casings are in a nested 

arrangement with casing diameters decreasing in 
downward direction. Cement annul i are provided between 
the outer surfaces of the casings and the borehole wall 
to seal the casings from the borehole wall. As a 
25 consequence of this nested arrangement a relatively 
large borehole diameter is required at the upper part 
of the wellbore. Such a large borehole diameter 
involves increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of 
30 drilling fluid and drill cuttings. Moreover, increased 
drilling rig time is involved due to required cement 
pumping, cement hardening, required equipment changes 
due to large variations in hole diameters drilled in 
the course of the well, and the large volume of 
35 cuttings drilled and removed. 
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The present invention is directed to overcoming 
one or more of the limitations of the existing 
procedures for forming new sections of casing in a 
wellbore. 

According to one aspect of the preeent invention, 
there xa provided . tubular lining co^rt.ing: . first 
tubular portion having a first inside diameter, a 

10 rrit "^^"^ ' "-"^ ^-ter, 

an .nter™ed.ate tapered tubular portion tor coupling 
the f.rst and second tubul«: portions to each other! 

one or more sealing coupled to the exterior 

surface of at least one of the tubular portions, 

15 «a^ter is greater than the 

15 second inside diameter, and wherein at l...- 

fir.t »nH ^ "nerein at least one of the 

fxrst and second tubular portions define one or more 
pressure relief passages. 

According to another aspect of the present 
invention, there is provided a tubular liner 
comprising: a first tubular portion having a first 
xns.de diameter, a second tubular portion coupled to 
the frrst tubular portion having a second insLe 
dxameter, and a third tubular portion coupled to the 

Z2l tl t? "^"-^"^ 

second tr? ">e 
sealing elements, and wherein at least one of the first 
30 pMIgr - - - -e""' 

Brief Dai,o..^p..^, Dr«w4«^.. 

illu.r^: ' ^ fragmentary cross -sectional view 
ZZllT' .he drilling of a new section of a well 



35 



Pig. 2 is a fragmentary cross-sectional view 
Ulustratxng the placement of an enO^odiment of an 
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apparatus for creating a casing within the new section 
of the well borehole. 

Pig. 3 is a fragmentary cross -sectional view 
illustrating the injection of a first quantity of a 
5 hardenable fluidic sealing material into the new 
section of the well borehole. 

Pig. 3a is another fragmentary cross- sectional 
view illustrating the injection of a first quantity of 
a hardenable fluidic sealing material into the new 
10 section of the well borehole. 

Fig. 4 is a fragmentary cross-sectional view 
illustrating the injection of a second quantity of a 
hardenable fluidic sealing material into the new 
section of the well borehole. 
15 Fig. 5 is a fragmentary cross-sectional view 

illustrating the drilling out of a portion of the cured 
hardenable fluidic sealing material from the new 
section of the well borehole. 

Fig. 6 is a cross-sectional view of an embodiment 
of the overlapping joint between adjacent tubular 
members . 

Pig. 7 is a fragmentary cross -sectional view of 
apparatus for creating a casing within a well borehole. 

Pig. 8 is a fragmentary cross -sectional 
illustration of the placement of an expanded tubular 
member within another tubular member. 

Pig. 9 is a cross-sectional illustration of a 
preferred embodiment of an apparatus for forming a 
casing including a drillable mandrel and shoe. 

Pig. 9a is another cross-sectional illustration of 
the apparatus of Pig. 9, 

Pig. 9b is another cross-sectional illustration of 

the apparatus of Fig. 9. 

Fig. 9c is another cross-sectional illustration of 
35 the apparatus of Fig. 9. 
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FIG. 10a is a cross-secUonal illustration of a wellbore Including a pair of 
adjacent overlapping casings. 

FIG. 10b Is a cross-secUonkl illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 10c Is a cross-sectional Illustration of the pumping of a fluldic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd Is a cross-sectional iUustration of the pressurizing of the interior of 
the tubular member below the mandrel. 

10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. 1 Of is a cross-sectional IUustration of the tie^jack liner before drilUng 
out the shoe and packer. 

FIG. lOg is a cross-sectional lllustiation of the completed tie-back liner 
1 S created using an expandible tubular member. 

RG. 1 la is a fragmentary cross-sectional view IBustrating the drilling of a 
new section of a well borehole. 

FIG. 1 lb Is a fragmentary cross-sectional view Illustrating ttie placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 of the well borehole. 

FIG. 1 Ic is a fragmentary cross-sectional view iUustrating tiie injection of a 
fii^t quantity of a hardenable fluldic sealing material into the new section of ttie 
well borehole. 

FIG. 1 1 d Is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of tfie weH borehole. 

FIG. 1 le Is a fragmentary cross-sectional view iUustiatfng the Injection of a 

second quantityofahardenablefluidlcseallngmateriallnto the newsectionoftiie 
well borehole. 

HG. 1 1 f is a fragmentary cross-sectional view illustrating the completion of 
30 the tubular liner. 



Detailed DescHptlon of (he iUusirative Embodiments 

An apparatus and melhod for fonrtng a weUbore casing wiUtfn a 
subtenanean fonnauon is p„vlded. The apparalus and melhod pem,te a 
wellbore casing lo be (onned in a subtenanean fom»don by pUdng a n,bular 
5 n,embe,and a mand«. ,„ a newsecdon of a wellbo«, and .hen exUudlng U,e 

.ubularmenu>e,ofrofme™and«,byp.^urtzi„ga„imertorpo«io„o,u,e.ubula, 

member. T1»appaH.n« and metf,odftmherpennlUad(acen.,ubular member 
». me «^nbore lo be Joined using an oveHapping Join, .ha, prevent nuid and or 

saspassage. Tl«appa,an« and meftodftmherpemtiu a new mbuiar member 
.0 by an exisungft-buiar member by expanding 0« new b^uiar 

memberm.oengagemen.wlU,tt«exisUng h,bular member. Tl«appa«b«and 
med,od h^rther minimizes tt,e reducUon In d» hole size of d« wellbore casing 
necess,.a.ed by U,e addiUon of new secHons of wellbore casing 

^^P'»^"»»''™*«'fo'fom*«aUe*acklineruslnganexpandable 
.5 ubularmemberisaisoprovlded. Tl.eappa,a.usandmettKKlpemU.sa,ie.back 

hner.obecrea.edbyexmrdlnga.ubuiarmemberoffofamandre.typ.ssurizing 
2m.enor Ponlon of U« n.bular member. In «,s manner, a Ue^ack liner i! 

P™ducedJ,,eappa,an.andmedKK,ft„herpen,u.sadjacemn,bub^ 

20 ^passage. T^.appa„.us and motive ft,n,.,p,™,^,^„,„,„^ 

to ^supported by an exisiing .ubular member by expanding .he new b,bu.ar 
member m.o engagemen. wiih .he existing tubular member 

ma,incrH~""'"'''°''""''^'''*'''"^'"™-'-'«*°P"vi<led 
'^''ncludesanexpandable.ubularmember.mand.e.andashoe. brapiefened 
« m^d™e„,mei„.ertorpo,..nsofd.eappa.abrsiscompo«^ 

penn...he,n.enorpor«„„.,oberemoveduslngaconven«onaldrtningap^^^ 

.n«.smanner.l„tt«evenlofama«uncdoninadownhoie,eg.o„.Z.La^ 
may be easily removed iv"«uis 

An apparanis and meO,od for hanging an expandable .ubular liner in a 
30 --^o-^alsopmvided. ™eappa..„s and me«,odpem,l. a. ubular liner. 1 

applica.K>n .o the joining of .ubular members in general. 



for forn±« a wellbo« ^ subterranean formation will now be 
described. As illustrated in Hg. 1. a wellbore 100 is positioned in a subter™««n 
formation 105. The wellbore 100 includes an e:cisting cased section 110 ha™« a 
6 tubular casing 116 and an annular outer layer of cement 120. 

I" ""fe- to extend the wellbore 100 into the subter«ne«,fonnation 105 

. driU string 126 is used in a weU inown manner to drill out material ftom the' 
subterranean formation 105 to fcnn a new section ISO. 

Asilh«*ratedinFig.2.an^tus200f.rfimning.wellborecaHingin 
10 -"^^---'Wioni.th^.position^linthenew..^^ 

m I*..,,p.,at«.200pr.««blyinch«ies«,e.pan^^^ . 
^ member 210. . shoe 216. a tower cup seal 220, m. upper cup seal 225 a 
«^230..«uMpas.sge236.a<h^passag,240.seals2«,anda^ 

„ J^rr**" " """"^ ^^'^ ^ -wort 

=«nl«r 250. ^ expandable mandrel 206 is preferably ad^ contrlbly 

«^ m a radial direction The expandable m«.dre. 205 may comprise m^ 

numb«ofconventi„nalcommercial,ya™ilabtee.pand.bl.mm^modlfledT 
.c<»rda„c w,th the .cachings of the pre.«.t disd^n^. m a prefer»d 

r^"''^°^^'^"'^^-^«~exp.nsi^ 

httr T Of Which ZinoorpI^ 

^ferenoe. modi^ed in accordance With the 

26 tub.,, '^T^"^'"""«»r.«''»^«»=P»d.hlema„drel205. Tke 
^r^, " '"^ -d extruded Off Of the 

^^r^ ^'^■-"'-^"-^•^fi-Hcated^ar^ 
Of oon^nhona, cmmercia«y a^ilahle u^ such as. for ex«„ple! 
OmeM County ^ ^ ,0^, 

30 • ^^'"^ embodiment, the tubuh. Jlw^." 

30 ^-'^''-".OCTOino.dert.maximi^streng.h.fterexp^^o, 

«dou.crd«n^of*e«a,„,arm«ub=r210may«„g..fer=x»X.lh,m 
^™,y ,.,05 » 1 1«8 cms (0.75 .o 47 inches) «d 2.667 «. ,21.92 cms 
(105 10 48 mches), respectively. Inaprefemd 
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embodiment, the inner and outer diameters of the tubular member2 1 Orange ftom 

about 3 to 15.5 inches and 3.5 to 16 inches, respecthrely in oider to optimally 

provide minima] telescoping effect in the most commonly drilled wellbore sizes. 

The tubular member 210 preferably comprises a solid member. 

5 In a preferred embodiment, the end portion 260 of the tubularmember 21 0 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 

205 when it completes the extrusion of tubular member 210. In a prefeired 

embodiment, the length of the tubular member 210 is limited to minimize the 

possibility of buckling. For typical tubular member 210 materials, the length of the 

10 tubularmember210 is preferablylimited to between about 1 2. 1 92 to 6,096m (40 
to 20,000 feet) in length. 

The shoe 215 Is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 
15 cxample,SuperSealIIfloatshoe,SuperSeaIIIDown-Jetfloatshoeoraguldeshoe 
with a seafing sleeve for a latch down plug modified In accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a seaUng sleeve for a latch- 
dovm plug available from Halliburton Enei^ Services in Dallas, TX, modified in 
20 accordance with the teachings of the present disclosure, in order to opUmally 
guide the tubularmember 210 in the wellbore, optimally provide an adequate seal 
between tiie interior and exterior diameters of tiie overlapping joint between the 
tubular members, and to opUmally allow tiie complete driU out of tfie shoe and 
plug after tiie completion of ttie cementing and expansion operations. 
25 In a prefened embodiment, ttie shoe 2 1 5 includes one or more ttirough and 

side outiet ports In fluidic communication witfi ttie fluid passage 240. In this 
manner, tiie shoe 2 1 5 optimally injects hardenable fluidic sealing material into ttie 
region outside ttie shoe 21 Sand tubular member 210. In a prefeired embodiment, 
tfie shoe 215 includes ttie fluid passage 240 having an inlet geometry that can 
30 receive a dart and/or a ball sealing member. In ttiis manner, ttie fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealiiig elements 
into ttie fluid passage 230. 
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\ The lower cup seal 220 is coupled to and supported 1^'ttie Wpport member 

250. The lower cup seal 220 prevents foreign materials from enteringthemterior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as. for example, TP cups, or Selective Iiyection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 

apreferred embodiment, the Iowercupseal220comprisesaSIPcupseal, available 

fromHalliburton Energy Service8inDalIa8,TXinorder to optimally blockforeign 
material and contain a bo^y of lubricant. 

10 '^«PP«»-<«P8eal225iscoupledtoand8upportedhythesupportmemb^ 
250. Theuppercttpseal225preventsforeignmaterialsfromenteringtheinterior 
region of the tubular member 210. The upper cup seal 226 may comprise any 

numberofconventionalcommerciaItyavailablecup8eals8uchas.forexample TP 
cups or SIP cups modified in accordance with tie teachings of the pi^nt 
15 disclosure. In « preferred embodiment, the upper cup seal 225 comprises a SIP 
cup.availablefromHaIUburtonEnerg5rServicesinDallas. TXinordertooptimaUy 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinteriorregion of the tubular member210belowtheexpandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the «^andable mandrel 206. The fluid passage 230 preferabty 
extends from a position a4,acent to the surface to the bottom of the expandable 

mandrel205. The fluid passage 230 is preferably positioned along a centerline of 
the apparatus 200. 

25 

The fluid passage 230 is preferably selected, in the casing running mode of operation, to 
transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 Htres/minute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 

to 9.000 psi) in order to nuirinuze drag on the tubular number being nin and to 

pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 

collapse. 

Thefluidpassage 235 permits fluidic materialstobereleasedfromthefluid 
passage 230. In this manner, during placement of the apparatus 200 within the 



( section 130 of the wellbore 100, fluidic material 265 foVcSed up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
therebyminimizingsurgepressuresonthe wellboresection 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening andcl08ingthefluidpassagB235. In a preferred embodiment, the control 
valveispressureactivatedinordertocontrollablyminimizesurgepressures. The 

fluidpassage236ispreferablypositioned8ub8tantiaUyorthogonaItothecenterli^^ 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging from about 0 to 11356.2355 litreatoinute (0 to 3,000 
gaBons/minute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the wellbore 100 and to 
15 minimize surge pressures on the new wellbore section 130. 

The fluid pa^ 240 pennits fluidic materials to be transported to and 
from tbB region erterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 e^andablemandrel205. The fluid passage 240 preferably has a cross-sectional 
shape thatpermitsaplug. or other similar device, to be placed in fluid passage 240 
totherebyblockfurtierpassageoffluidicmaterials. In this manner, the interior 
region of the tubular member 210 below the «tpandable mandrel 205 can be 

fl^i«»latedfromtheregionexteriort«thetubularmember210. Thispermits 
25 t^«i^<«riorr^nofthetubularmember210belowtheexpandablemandrel205 
to be pressurized. The fluid passage 240 is preferably positioned substantiaUy 
along <lie centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or ^oxies at flow rates and pressures ranging from about 0 to 
30 1 1356.2355 litres^ute (0 to 3.000 gallons/minute) and 0 to 620.52813 bar (0 to 9 000 
P''^ ^ optimally fill the annular region between the tubular member 210 and the 

^ newsectionnOofthewellborelOOwithfluidicmaterials. In a preferred embodiment 
the fluid passage 240 * 



( deludes an inlet geoinetry that can i^oeive a dart aiil/or a* baU^^ 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or baU sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are further positioned on an outer surfece 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260ofthetubularmember210f»befluidicbr8ealed. The seals 245 may comprise 
any number of conventional commeidaUy available seals such as, for example 
10 lead, nibber. Teflon™, or qwxy seals modified in accordance with the teachings of 
thepresentdisclosure. In apreferred embodiment, the seals 246 are molded from 
StratalockqH«yavailablefromHaffiburtonEnergySenace8inDalto^ TXinorder 
to optimally provide a load bearing interference fit between the end 260 of the 

tubular member 210 and the end 270 of the existing casing 116. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

asufficientftictional force to support the expanded tubular member210&om the 
existing casing 116. In a preferred embodiment, the frictional force optimally 
prov,ded by the seals 245 «nges ftom about 68.94757 to 68.947.57 bar (1 000 to 
1.000.000 IbO in order to optimaUy support the expanded tubular member 210. 

20 T*»^^PP<'rtmember260iscoupledtotheexpandabIemandrel205.tubular 
member 210. shoe 215. and seals 220 and 225. The support member 260 
preferably comprises an annular member having sufBdent strength to carry the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 

«-bodiment.thesupportmember250itoherinchidesoneormoreconventional 
25 centralizers (not illustrated) to he^ stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 210 off 

°^«^««^a^le«andrel205isfacilitated.Tl.elubricant275maycompriseany 
30 number o^conventional commercially available lubricante such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the hxbricant 276 comprises Climax 1500 
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( jitisieze (3100) avaaablefix)m Climax Lubricants and Equipm^^^ 
TK in order to optimally provide optimum lubrication to fadliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions ofthe apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
xninimizes thepossibiHfy of foreign material dogging the 

valves ofthe apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 ofthe wellbore 100, a couple of weUbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that mii^t clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interfoes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then dosed and a hardenable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fhiid passage 230 into the 
interior region 310 ofthe tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fltiid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior ofthe tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 306 to fill up at least a portion of the annular region 3 16. 
The material 305 is preferably pumped into flic annular region 3 15 at pressures 

25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678.1177 litreatomute (0 to 1,500 gallons^), respectively. The optimum flow 
rate and operating pressures vary as a fimction of the casing and wellbore sizes, wellbore 
section length, available pumping equipmait. and fluid properties of die fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably determined 
using cx>nventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 



for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic seaUng material 305 comprises a blended cement prepared 
specifically for the particular well secUon being drilled from Halliburton Enei^y 
Sen^ices in Dallas, TX In order to provide optimal support for tubular member 2 1 0 
5 while also maintaining optimum flow characterisUcs so as to minimize difficulties 

during the displacement of cementin the annular region315.Theoptimumblend 
of the blended cement is preferably detemiined using conventional empirical 
methods. 

The annular regionSlSpreferably is filled ivithtfie material 305 in sufficient 
10 q"antitiestoensurethat,uponradiaJexpansionofthetubularmember210,the 
annular region 315 of the new section I30of the wellbore 100 will be filled with 
material 305. 

In a particulariy preferred embodiment, as illustrated In Fig. 3a, the waD 
thickness and/or the outer diameter of the tubular member 2 1 0 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally peimit placement of ttie 
apparatus 200 in positions in tiie wellbore with tight clearances. Furthermore, in 
tills manner, the initiation of the radial expansion of tiie tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled wltti material 305. a plug 405. or other similar device, is Introduced into ttie 

fluid passage240 thereby fluidlcly isolating Uie interior region310fromtheannular 
region 315. In a prefenred embodiment, a non-hardenable fluidic material 306 is 
tiien pumped Into the Interior region 310 causing the interior region topressurize. 
In ttiis manner, tiie interior of ttie expanded tubular member 210 will not contain 
25 significantamountsofcuredmaterial305. This reduces and simplifies the cost of 
the entire process. Alternatively, ttie material 305 may be used during ttiis phase 
of the process. 

Once ttie Interior region 310 becomes sufficlenUy pressurized, ttie tubular 
member 210 is extnjded off of ttie expandable mandrel 205. During ttie extnision 
30 process, the expandable mandrel 205 may be raised out of the expanded portion 
of ttie tubular member 210. In a prefeired embodiment, during ttie extrusion 
process, the mandrel 205 is raised at approximately ttie same rate as tfie tubular 

15. 



(^-iember 210 is e^ded in order to keep the tubular meinb^r* 210 stationa^ 

relative to thenewwellboresection 130. Inanalternativepreferred embodiment 

theertnisionproces8i8oommencedwiththetubularmember210positionedabove' 
the bottom of the new weUbore section 130, keeping the mandrel 205 stationary 
5 and allowing the tubular member 210 to extrude ofif of the mandrel 206 and fall' 
down the new weUbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 406 into the fluid passage 230 at a surfece location in a conventional 
manner. The plug 405 preferably acts to fluididy isolate the hardenable fluidic 
10 seahng material 305 from the non hardenable fluidic material 306. 

The plug 406 may comprise any number of conventional commercially 
availabledevicesfrompluggingafluidpassagesuchas.forexample^ 
Cementer (MSC) latch^own plug. Omega latch^own plug or three-wiper latch- 

'^--P^-odifiedinaccordancewiththeteachingBofthepresentdiscW.to 

15 -P«^«-bodiment.theplug406comprisesaMSClateh-downplugavail^^^ 
from Halliburton Energy Services in Dallas, TX. 

^P»««-entofthepIug405inthefluidpassage240,anonhardenable 
- flmdxcmateriaiaOBispreferablypumpedint^ 

20 ^^ziz^^^t:^^^^ 

th.-e \ i".30Z3 to 15141.6473 htrestaute (30 to 4,000 gallons^iin^ Tn 

Plug4()5 intofloid passage 240 J«„t^T^ ^"''**"'''^'«°f''= 

In a p,^er»d «nbodto«t. the appamus 200 i. adapted to mi«inu« 
•ensue, bnrst, ^ ftictien efTecta upon th. ^.bnlar member 210 ^ the 
P"««. n«se eflec ^ he depend upon the ^„et^ of the 
expana.on.n«uW205.then„teria,con.poai.ionofthetuhuiar.en*e^ 
^on ^ 205, the in.er diameter of the tuhular mender 2X0. the ™n 

ofthetubuia^^emheraiO. Ingen^. the thicker the wallthictoess, the ^uTe, 



rjxeiimerdia«.ter.andthegreatertheyieIdstiBngth;me'^^^^^ 
then greater the operating pressures 'required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubularmember8210. the extrusion of the tubular member 210 
6 °ff°f«»««^a-dablemandrelwiDbeginwhenthepre8Sureoftheinterior«^^^ 
3 1 0 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9,000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of tl^ tubular member 210 at rates ranging, for 
--P^«.^-about0to5£Vsec.Inapreferredembodiment,duringthe 

10 P"«».«»eexpandablemandrel206israisedoutoftheexpanded portion ofthe 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to 
imnumze the time required for the expansion process while also permitting easy control 
of the expansion process. 

'^'*'«^P°rt«n260ofthetabalarn,ember210ta«trudedoffofU» 
W 205. the outer surface 266 of the end portion 260 of th. 

tuhuler o»nher 210 vrin preferehly contect the interior eurfece 410 of the end 
Port«»270ofthec.eu«U5tofo™.„fl„idtighto«rtappin,j.i^ Thecont^t 
I»«»re of <1« .wrtappmg ™y f„ ^„ ^ .pp„«in«dy J.447379 to 
U7..S514 Ur (SO to 20.000 pS). M , U» ^ ^ 

20 •vtdvpBS joiMm«« 6om w«ini.tely 27J79028 to 689.4757 l»r (400 to 10.000 p») in 

orto to pr<md. oplimm. prasu,. to «*vMe ae ™ul., s^ing ™„be« 
I«.«<ie ,«i»„c. to to«to„ „ ^i,^ ^ 



^•^I**»8iointl»tw.e=th.e.ction410ofth.eti*ingoaeingll5.nd 

^ "''7''^^'P««^'^P«*--e»hodin^,theeaeiin^ 
optunaU-p„^afhddic«dg»»ous«.lintheoverUppiI~^t 
^.^«r«.«nk,^, 'heoper.tingpres^reendf.owrateofthenon 
^teflu^„«teria,306iecontrol,ah..ra„peddo™whenthe«p.ndahte 

m^ner, the ™,den reieeee of pressure ^ eon.plete extrusion of the 

tubuier .eniber 210 off of the expendehle n^ndrel 206 ou. be mini^Uzed I. a 
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preferred embodiment, the operatingpressure is reduced in' a substantially linear 

fa8hionfromlOO%toaboutlO%duringtLeendoftheertnisionprocessbegi 
when the mandrel 205 is within about 1.524 m ( 5 feet) &om completion of the extrusion ' 



process 

5 



Alteniatively,orincombination,a8hock absorber isprovided in the support 
member 250 in order to absorb the shock'^^i^Sb^S^sudden release of pressure 
The shock absorber may comprise, for ewmple. any conventional commerdaUy 
available shock absorber adapted for use in weBbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removedfrom the wellbore 100. Inapreferred embodiznent. either before orafter 
theremovalof the expandable mandrel 205. theintegrityof the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 

the lower portion 270 of the casiug 116 is tested using conventional methods. 

If thefluidic seal of the overlappingjoint between the upper portion 260 of 

thetubularmember210andthelowerportion270ofthecaaingll5is8atisfactory 

thenanyuncuredportionofthemat«rial306withinta«expandedtubularmember 

20 210isthenremovedinaconventionalmannersuchas.fore«unple.circulalingthe 

uncured material out ofthe interior ofthe expanded tubular member 210 The 

mandrel 205 is thenpulled out of the wellbore section 130 andadrill bit or mill is 
used m combination with a conventiomd drilling assembly 506 to drill out any 

i^enedmat«rial305withinthetubularmember210. ll»e material 306 within 
25 the annular region 315 is then allowed to cure. 

^i"««t»tedinFig.6,preferablyanyremainingcuredmaterial305within 
the mterior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill steng 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an out«r 
am.ularlayer615ofcuredmaterial305. The bottom portion ofthe apparatus 200 
comprising the shoe 216 and dart 405 may then be removed by drilling out the 
_ shoe 215 and dart 405 using conventional drilling methods. 

\6 
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In a preferred embodlmenl, as iUustrated in Fig. 6. the upper portion 260 of 
the tubular member 210 includes one or more sealing members 605 and one or 
more pressure reUef holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 

5 member210lspressuie.tightandthepressureonthelnteriorandexteriorsuifaces 
of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses615formed in the outer surface 265 of the upper portion 260of the tubular 

member210.1nanaltemativeprefeiTed embodiment, the sealingmembere605aie 
10 bondedormoldedontotheoutersurface265oftheupperportion260ofthetubular 
member210. The pressure relief holes eiOare preferably positioned in the lastfew 
feet of the tubular member 210. The pressure relief holes reduce the operating 
pressures required to expand the upper portion 260 of the tubular member 210. 
This reduction in required operating pressure in turn reduces the velocity of the 
15 mandrel 205 upon the completion of the extmsion process. This reduction In 
velocity in turn minimizes the mechanical shock to the entire apparatus 200 upon 
the completion of the extrusion process. 

Referring now to Fig. 7, apparatus 700 for fonning a casing within a wellbore 
preferably Includes an expandable mandrel or pig 705. an expandable mandrel or 
20 pig container 710. a tubular member 715. a float shoe 720. a lower cup seal 725. an 
upper cup seal 730, a fluid passage 735. a fluid passage 740, a support member 745, 
a body of lubricant 750. an overshot connection 755, anottier support member 760.' 
and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by tiie support 
25 member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. TTie expandable mandrel 705 Is preferably adapted to 
controllably expand In a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified In accordance witti the teachings of ttie present disclosure. The 
30 expandable mandrel 705 preferably comprises a hydrauUc expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095. the contents of 



11. 



( . . ... 

which are incorporated herein by reference, modified in accoidance with the 
teachings of the present disclosure. 

•me expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 7 1 0 is ftiither coupled to 
5 the expandable mandrel 705. The expandable mandrel container 710 may be 
constnicted from any number of conventional commercially available materials 
such as. for example. Oilfield Counter Tubular Goods, stainless steel, titanium or 

highstrengthsteels.nieexpandablemandrelcontainer710maybefabricatedftom 
materialhavingagreaterstrengththanthematerialfrom which the tubularmember 
10 715isfabricated. I" this manner, the container 710 can be fabricated fix,m a tubular 
material having a thinner wail thickness than the tubular member 210. TWspemiits 

the container710topass through tight clearances thereby facflitatingitsplacement 
within the wellbore. 

Once the expansion process begins, and the thicker, lower strei^th material 
15 of the tubular member 715 is expanded, the outside diameter of the tubular 
member 715 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the mdial 

direcfionandextnidedoffof the expandable mandrel705substantiallyas described 
20 abovewithreferencetoFigs. 1-6. Hie tubularmember 715 maybe fabricated ftom 
any number of materials such as. for example. Oilfield Country Tubular Goods 
(OCTG), automotive grade steel or plastics. The tubular member 715 may be 
fabricated from OCTG. 

'nietubularmember715preferablyhasasubstantiallyannularcioss-sectioa 

25TTielubularmember715morepreferablyhasasubstantiallycireuIarannularcross- 
section. 

nie tubular member 715 preferably includes an upper secOon 805. an 
mtemiediate section 810. and a lower section 815. The upper section 805 of the 
tubularmember 715 preferably is defined by the region beginning in the vicinity of 
30 the mandrel container 710 and ending with the top secUon 820 of the tubular 
member715. 'meintemriediatesecUon8IOofthetubuIarmember715lspreferably 



defined by the region beginning in the vicinity of the top of the mandrel container 
710 and ending with the region in the vicinity of the mandrel 705. The lower section 
of the tubular member 715 is preferably defined by the region beginning in the 
vicinity of the mandrel 705 and ending at the bottom 825 of the tubular member 7 1 5. 
5 The wall thickness of the upper section 805 of the tubular member 715 is 

greater than the wall thicknesses of the intermediate and lower sections 810 and 
815 of the tubular member 715 in order to optimally faciliale the Initiation of the 
extmsion process and optimally pemrait the apparatus 700 to be positioned In 
locations In the wellbore having tight clearances. 
1 0 The outer diameter and wall tiiickness of the upper section 805 of the tubular 
member 715 may range, for example, from about 2.667 to 121.92 cms (1.05 to 48 
Inches) and 0.3175 to 5.08 cms (1/8 to 2 inches), respectively. The outer diameter 
and wall thickness of ttie upper section 805 of the tubular member 715 may range 
from about 8.89 to 40.64 cms (3.5 to 16 inches) and 0.375 to 3.81 cms (3/8 to 1.5 
15 inches), respectively. 

The outer diameter and wall tiiickness of the intermediate section 8 1 0 of tiie 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 
inches) and 0.15875 to 3.81 cms (1/16 to 1.5 inches), respectively. The outer 
diameter and wall tiiickness of ttie intemiediate section 8 1 0 of Uie tubular member 
20 715 may range from about 8.89 to 48.26 cms (3.5 to 19 inches) and 0.31 75 to 3.1 75 
cms (1/8 to 1.25 inches), respectively. 

The outer diameter and waH thickness of the lower section 815 of the tubular 
member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 50 inches) and 
0.15875 to 3.175 cms (1/16 to 1.25 inches), respectively. The outer diameter and wall 
25 thickness of the lower section 810 of ttie tubular member 715 may range from about 3.5 to 
19inchesand l/8lo 1.25 Inches, respectively. The wall tiiickness ofUie lower section 815 
of ttie tubular member 715 may be further increased to Increase ttie strength of tiie shoe 
720 when drillable materials such as, for example, aluminum are used. 

The tubular member 7 1 5 preferably comprises a solid tubular member. The 
30 end portion 820 of tiie tubular member 71 5 may be slotted, perforated, or ottierwise 
modified to catch or slow down Uie mandrel 705 when it completes tiie extrusion 
of hibular member 715. The lengUi of ttie hibular member 715 may be limited 

\* 



to minimize the possibility of budding. For typical tubular member 715 materials, 
the length of the tubular member 7 1 5 is preferably limited to between about 1 2. 1 92 
to 6,096 cms (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expsmdable mandrel 705 and the tubular member 
5 715. The shoe 720 includes the fluid passage 740. The shoe 720 may further include an 
inlet passage 830, and one or more jet ports 835. The cross-sectional shape of the inlet 
passage 830 is preferably adapted to receive a latch-down dart, or other similar elements, 
for blocking the inlet passage 830. The interior of the shoe 720 preferably includes a body 
of solid material 840 for increasing the strength ofthe shoe 720. The body of solid material 
10 840 may comprise aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal 11 Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down plug modified in accordance v^th the 
teachings of the present disclosure. The shoe 720 preferably comprises an 
1 5 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guidir^ the tubular 
member 715 in the wellbore, optimize the seal between the tubular member 715 
and an existing wellbore casing, and to optimally faciliate the removal of the shoe 
20 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 
region of the tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
25 seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. The lower 
cup seal 725 may comprise a SIP cup, available from HaUiburton Energy Sendees 
in Dallas, TX In order to optimally provide a debris barrier and hold a body of 
lubricant. 

30 The upper cup seal 730 is coupled to and supported by the support member 

760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 



numberofco„ve„tlo™icomn,erdallyavaibbIecupsealss„chas.fore«™p|eTT. 
cups or selecuve I„|ec«o„ Packer (SIP) cup modifled in accordance w«h '«« 
teachings „,e« present disclosure. Tt« upper cup seal 730 n»ycompdse aSlP 
cup available fiom Halliburton Energy SeMces In Dallas, TO in order .o opd^ally 
5 P«>vWea<l*iisbanierandconlainabodyoflubricanl. 

■^*«*'l««a<!e735pem«,Buidicn«,erials.obe,ranspor,ed,oandftom 
U«m,«™,r,egten,f «« h.bularn«mber 7l5be.ow Ore expandable mandrel 705. 

^efluKlpassage735lsfluldldycoupted,oU,elluidpassage740.Tl«fluldpassage 
735 bprel^ly coupled to and posiUoned wiUUn U« suppon „en*er 760. tt« 
IOsupp<mn,en,ber745.U«mand,elco„.ai^ 

Thenu,dpassage735preferablyex«»Klsl»n,aposiaonadMcem.oO,es^ 
•he bollom of ,he expandable mandrel 705. The duid passage 735 U preferably 
pos,u„„ed along a centertlne of U,e appamlus 700. The fluid passage 735 is 
"-fe-^^'eCed.ot.a^por.n^^^H^^^,^^^^ 

iZs^^lT""^'^'^' •5>-^>64.o, 1356.2355li,,e^u,e 
M0.o^000gallonsAninute)and34.473to620.528I3bar(500.o9,000psl)i„o,der 
top^vldesuffldemoperaflngpressures toexmrde U«n.bularmen*er 71Soffof 
the expandable mandrel 705. 

20 an,., *^ ^ of the 

20 app^n» 700 ««hl„ a new secUon of a wellbore, fluldlc materiaU forced up U» 

fluKlpassage '3Scanbereleasedi„,oU«„e»bo,.abo,efte.ubularn»mber7>5. 
llteapparan-s ^O" futt^ertacludes a pressure release passage .ha. Is coupted to 

f'Tn'T' """" ™^'^- ™« "tease passage is 

.^.^diclycoupledu,me,»r.dpassage735. 1,» p,essu« r^K^^e 
25 preferably .ncludes a co«,ol valve for conoollably opening and closing tt» Zd 
Pa«age. The conuol valve may be pressure acdva.ed In o«ier .o co„.,„tebly 
™»m» ^ pressures. The pressure release passage Is preferably posidoned 
s^tanuuy orav-gonal to 0» cenu»tae of U,e apparatus 700. The pressure 

30 mud o, epox,es a. flow ■a.es and p^ssures ranging from abou. 0 to 1892.70^ 
l..«*Wnu.e (0 to 500 gaUonVminule) and 0 to 68.94757 bar (0 to I 000 



psi) in orte, u> reduce d«g „„ ^ ^pp^ ^ ^ ^ 

secuonofawellbo«a,«i,ominlrnize««gepressu«sond»new«ellboresecao„ 

•^«'*^P^'«P™.lu/IuWic mate** be disponed ,o»dftc»„tf,e 
«».onex.erto„oO,eMH^.,n«™be,rii P«««e 740 ts preferably coupled .o 

5»dpos.«o„ed..d^«„sho.T20,„«u«lecc„™„^««,^.^^^^^ 

.*u.a,™„U«7,5be.c»vU,.expand,bte„^™5, ,*e«„«pa«e^ 

'^~'^"'«*»'^«r««WHU.rn,e™^7,5bel<»U«ex^ 

10 ™'™'>«°P«™*<.uldW,Uohted»om«,.„g,on«deH«u,«,e.ub.U..^^^ 
n»sp«n*,««WeHo,re*„.,«»^^^,,5^^^^^^^^ • 

subsUuMlanyalongtt«cemeHlneoftf«appamH«700. TOe fluid passage 740 Is 
pre«»ablyse.ec,edtoco»«ymaterialssuchasceme^^^ 

/U»-,ale5a™ip,essuresm„8l„gfr„n,abou,0.oll356.2355ll.,es/minu.e(OU,3.000 
galkmstainute) and 0 .o 620.52813 bar (0 ,o 9m psi) In «der .o op«™aIly m an 

™ub,re,te„benvee„tt«,ubu.a.n».ber7,5andanewse^^ 

w.* flu,d,c maiedals. The Huld passage 740 may include an Inle, passage 830 

•"""S^Seome.n'U^.canreceh.adartand.oraba.lseaBngmenU^.. mws 

n««„er.B» uldpassage240canbeseatedoffbyl„mH*,clngapM^ 
bau sealing elements inio Uie fluid passage 230. 

•n.eappa«h,s700maytolherlncludeoneormoreseals845coupledtoand 
supported by 0» end portion 820 of fte tabula, member 715. H.e seals 845 are 

taherposldo„edonanoutersurfaceofmee™.port,on820oftt,en,bularmember 
25 715. -n* seals 845 pem« .he o»riapping ioln. beKveen an end portion of 

P»ex.sd„gcaslngand0«endportlo„820oftt,e.ubu)armember7l5lobe/luidldy 
seated ll>e»eals845maycomprtseanynumberofconven«o„alcommerclaIiy 

avallablesealssucl,as,forexamp.e,tead.mbbe,Teflon~o,ep».ysealsmodified 
m accortlance with tt,e feachings of tt.e present disdo«,re. Tl» seals 845 may 

30 "'^"«»e^ molded fn>mStn.tat«kepoxyavailable/hHnHalliburtonE„eJ 
Sendees in Dallas, W |„ order to optimally p,o„de a hydnuiHc seal and a l<«d 
bearing 
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interference fit In the oveiiapping joint between the tubular member 715 and an 
existing casing with optimal load bearing capacity to support the tubular member 
715. 

The seals 845 may be selected to provide a sufficient fricdonal force to 
5 support the expanded tubular member 7 1 5 fiiom the existing casing. The frictional 
force provided by the seals 845 may range from about 68.94757 to 68,947.57 bar 
(1 ,000 to 1 ,000,000 IbO in order to optimally support the expanded tubular member 
715. 

The support member 745 Is preferably coupled to the expandable mandrel 
10 705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 700 
into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified In 
15 accordance with the teachings ofthe present disclosure. The support member 745 
may comprise conventional driU pipe available from various steel mlUs in the United 
States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within the interior of the tubular member 715. 

20 In this manner, the extmsion of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
convenUonal commercially available lubricants such as, for example. Lubriplate, 
chlorine based lubricants, oUbasedlubricants, orCiimax 1 500 Antisieze (3100). The 
lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available from 

25 Halliburton Energy Services in Houston, TX in order to optimally provide lubrication 
to facillate the extrusion process. 

The overshot connection 755 is coupled to ttie support member 745 and the 
support member 760. The overshot connection 755 preferably pennits the support 
member 745 to be removably coupled to the support member 760. The overshot 

30 connection 755 may comprise any number of conventional commercially available 



overshot connecUons suchas. forexample. Innerstring Sealing Adapter. Innerstring 
Flat-Face Sealing Adapter or EZ Drifl Setting Tool Stinger. The overshot connection 
755 may comprise a Innerstring Adapter with an Upper Guide available from 
Halliburton Energy Services in Dallas, TX. 
5 The support member 760 is piefeiably coupled to tiie overshot connection 
755 and a surface support structure (not illustiated). The support member 760 
preferably comprises an annular member having sufficient strengUi to cany Uie 
apparatus 700 Into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commerdaUy available support members 
10 such as. for example, steel drill pipe, coiled tubing or ottier high strengtt, tubulars 
modified in accordance witii tfie teachings of «,e present disclosure. The support 

member760 may compriseaconventionaldriBpIpe available fromsteel mills in the 
United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
1 5 stabilizer 765 also preferably stabilizes tiie components of tiie apparatus 700 witiiin 
the tubular member 715. The stabilizer 765 preferably comprises a spherical 
member having an outside diameter ttiat is about 80 to 99% of ttie interior diameter 
of the tubular member 715 in order to optimally minimize buckling of the tubular 
member 715. The stabilizer 765 may comprise any number of conventional 
20 commerciallyavailablestabilizerssuchas.forexample.EZDriIIStarGuides packer 
shoes or drag blocks modified In accordance witti ti,e teachings of the present 

disclosure. •mestabilizer765maycompriseaseallngadapterupperguideavallable 
from Halliburton Eneigy Services in Dallas, TX. 

The support members 745 and 760 may be ttioioughly cleaned prior to 
25 assembly to (he remaining portions of the apparatus 700. In ttUs manner, tfie 
introduction of foreign material into tf,e apparatus 700 is minimized. This 

minimizes ttiepossibilityofforeignmaterialctogging the various flowpassages and 
vahres of the apparatus 700. 

Before or after positioning the apparatus 700 wittiin a new section of a 
30 wellbore, a couple of wellbore volumes are circulated 
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through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various flow 
passages and valves of the apparatus 700 and to ensure that no foreign material 
interferes with the expansion mandrel 705 during the expansion process. 

5 The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to fonn a new section of casir^ within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 by 
forming a tubular liner 810 inside of the existing wellbore casing 805. In a preferred 

10 embodiment, an outer annular lining of cement is not provided in the repaired 
sectioa In the alternative preferred embodiment, any number of fluidic materials 
can be used to expand the tubular finer 8 1 0 into intimate contact with the damaged 
section of the wellbore casing such as, for example, cement, epoxy, slag mix, or 
drilling mud. In the altemative prefenred embodiment, sealing members 815 are 

15 preferably provided at both ends of the tubular member in order to optimally 
provide a fluidic seal. In an altemath^e preferred embodiment, the tubular liner 810 
is formed within a horizontally positioned pipeline section, such as those used to 
transport hydrocarlx)ns or water, with the tubular liner 8 1 0 placed In an overiapping 
relationship with the adjacent pipeline section. In this mariner, underground 

20 pipelines can be repaired without having to dig out and replace the damaged 
sections. 

In another altemative prefenred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not pro^aded between 
25 the tubular liner 810 and the wellbore. In the altemative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the wellbore such as, for example, cement, epoxy, sla^ mbc, 
or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
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apparatus 900 for fonning a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 905 
and shoe 908 pennits easy removal of those elements by drilling them out. In this 
5 manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expandible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 
apparatus 900, the tubular member 902 is preferably extnided off of the mandrel 
10 906 by pressurizing an interior region 966 of the tubular member 902. The tubular 
member 902 preferably has a substantially annular cross-section. 

In a particulariy preferred embodiment, an expandable tubular member 91 5 
is coupled to the upper portion 9 1 0 of the expandable tubular member 902. During 
operation of the apparatus 900, the tubular member 91 5 is preferably extruded off 
15 of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 9 1 5 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 9 1 5 is greater 
than the wall thickness of the tubular member 902. 

The tubular memberOlS maybe fabricated finmany number of conventtonal 
20 commercially available materials such as, for example, oilfield hibulars, low alloy 
steels, titanium or stainless steels. In a preferred embodiment, the tubularmember 
915 is fabricated from oilHeld tubulars In order to optimally provide approximately 
the same mechanical properties as the tubular member 902. In a particularly 
preferred embodiment, the tubular member 915 has a plastic yield point ranging 
25 from about 275.9028 to 9307.921 95 bar (40,000 to 1 35.000 psi) in order to optimally 
provide approximately the same yield properties as the tubular member 902. The 
tubular member 915 may comprise a pluraDty of tubular members coupled end to 
end. 

In a preferred embodiment, the upper end portion of the tubular member 
30 9 1 5 includes one or more sealir^ members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tubular members 902 and 
915 are limited to minimize the possibility of budding. For typical tubular member 
materials, the combined length of the tubular members 902 and 91 5 are limited to between 
about 12.192 to 6,096m (40 to 20,000 feet) in length. 
5 Thelowerportion914of the tubularmeniber902 is preferably coupled to the 
shoe 908 by a threaded connection 968. The intermediate portion 91 2 of the tubular 
member 902 preferably is placed in intimate sliding contact with the mandrel 906. 

The tubular member 902 maybe fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 

1 0 steels, titanium or stainless steels. In a preferred embodiment, the tubular member 
902 is fabricated from oilfield tubulars in order to optimally provide approximately 
the same mechanical properties as the tubular memt)er 915. In a particularly 
preferred embodiment, the tubular member 902 has a plastic yield point ranging 
from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi) in order to optimally 

1 5 provide approximately the same yield properties as the tubular member 91 5. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 and 914 
of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 1.5 
inches). In a preferred embodiment, the wall thickness of the upper, intermediate, and 
lower portions, 910, 912 and 914 of the tubular member 902 range from about 0.3175 to 

20 3.175 cms (1/8 to 1.25 inches) in order to optimally provide wall thickness that are about 
the same as the tubular member915. In a prefened embodiment, the wall thickness of the 
lower portion 914 is less than or equal to the wall thickness of the upper portion 910 in 
order to optimally provide a geometiy that will fit into tight clearances downhole. 

The outer diameter of tiie upper, intermediate, and lower portions, 910, 912 and 914 

25 of ttie tubular member 902 may range, for example, from about 2.667 to 121.92 cms (1.05 
to 48 inches). In a preferred embodiment, the outer diameter of the upper, intemnediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 8.89 to 
48.26 cms (3 to 19 inches) in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 



^ . The length of the tubular member 902 is Jjrefer^ly Kmitof to bfetween about 
0.6096 to 1 .524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 commercially available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Countiy Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferred embodiment, the tubtilar member 915 comprises 
Oilfield Country Tubular Goods available fix)m various U.S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubidar member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined firom one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated firom any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 

on 



( ;nibodiment, the support member 904? is fabricateci from ldVldloy steel in order 
to optimally provide high yield strength^. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional driU string support from a surfece location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 is iLsed to convey hardenablefhiidicsealiiig materia 

apparatus 900. In a particularly preferred embodiment, the fluid passage 918 may 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. Theupperguide920preferablyisadaptedtocenterth6supportmember904 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide membm modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstringadapter available from Halliburton Energy Services in Dallas, TXorder 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the support member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably mdudes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a hotising 940, a sealing sleeve 942, an 

upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 

5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 

lubricator sleeve 948. The retainer 924 preferably has a substantially annular 

cross-section. The retainer 924 may comprise any niunber of conventional 

commercially available retainers such as, for example, slotted spring pins or roll 

pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is fiirther 
provided in the interior region 972 of the tubular member 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1500 Antisdze 
(3100X In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to faciliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a prefixed embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 928 is 
prevented by the body of cement 932, the housing 940. and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. 
The outside diameter of the expansion cone 928 is preferably tapered to provide a 
5 cone shape. The \>/el\ thickness of the expansion cone 928 may range, for example, 
from about 0.31 75 to 7.62 cms (0. 1 25 to 3 inches). In a prefen^ed embodiment, the 
v^all thickness of the expansion cone 928 ranges from about 0.635 to 1.905 cms 
(0.25 to 0.75 inches) in order to optimally provide adequate compressive strength 
with minima] material. The maximum and minimum outside diameters of the 
10 expansion cone 928 may range, for example, from about 2.54 to 1 19.38 cms (1 to 
47 inches). In a preferred embodiment, the maximum and minimum outside 
diameters of the e>q>ansion cone 928 range from about 8,89 to 48.26 cms (3.5 to 1 9 
inches) in order to optimally provide expansion of generally available oilfield 
tubulars 

1 5 The expansion cone 928 maybe fabricated from any number of conventional 
commercially available materials such as, forexample, ceramic, tool steel, titanium 
orlowalloysteel. In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 

20 example, from about 50 Rockwell C to 70 Rockwell C In a prefenred embodiment, 
the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 RockweU C in order to optimally provide high yield 
strength. In a preferred emlx>diment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 

25 optimally provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a prefenred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone retainer 
930 has a substantially annular cross-section. 

30 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel. In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high strength 

30 - 
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and abrasion resistance. The surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outersurface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is heal treated to optimally provide a hard outer surface 
and a resiUent interior body in order to opUmally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are formed as an integral one-piece element in order reduce the number 
of components and Increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing structure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of convenUonal 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 



section. 



The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900. the lower guWe 934 preferably helps guide 

themovemenlofthemandrel906withinthetubularmember902. TTie tower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as. for example, oilfield tubulars. low alloy 
30 steel or stainless steel. In a prefen-ed embodiment, the lower guide 934 is 
fabricated from lowalloysteelinordertooptimallyprovidehighyieldstrength. The 
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outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900. the extension sleeve 936 preferably 

5 helpsguidethemovementofthemandrel906vwthinthetubularmember902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulais. low alloy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from low alloy steel in order to opUmally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the seaUng sleeve 942. The spacer 938 

pieferablyinchides the nuid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas.forexample.steel.aluminumorcastiron. 
In a preferred embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimallypmvidedrillability.Theendofthespacer938prefeiably mates witiithe 
25 end oftiie extension tube 960. In a prefened embodiment, the spacer 938 and the 
sealing sleeve 942 are fomned as an integral one-piece element in order to reduce 
tiie number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936 
expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. the housing 940 preferably prevents inner radial 
motion of tile expansion cone 928. Preferably, tiie housing 940 has a substantially 
annular cross-section. 



3,X 



# « • 

• t * 4 9 



™e housing 940 may be fabrtcated f«>m any number o, conve^ional 

comme^ially available matenab such as, f.,e»n,ple,oimeWh,bute,lowalloy 
sleel or slainless s,eel. In a prefened embodlmem. tt« housing 940 is fabHcaled 

"o™^wa«oys.ee.ino,der,o„pHmallypr„™iehigh„eldsUengm. Inaprefened 
5 embod^ent. tt,e lower guide 934. extension sleeve 936 and housing 940 are 
fomKd as an Wegnd one-piece elemen. in order ,o minimize tt,e number of 
components andincreaselheslrengih of the apparatus. 

'"^P-^'cularlyp.eferredembodlment.thelntertorsurfaceofthehousing 

ID hT °" °' =°™-''»'> the 

1 0 housing 940 and the body of cement 932. 

Tl« sealing sleeve 942 Is coupled to the support member 904. the body of 
cement 932, the spacer 93«, and the upper cone retainer 944. Dudng operation of 

meappa^tus, the sealing Sleeve 942p,efe,ablyp,„videssuppor„or the mandrel 
906. ^e-al.ngs,eeve942lsprele,Bblycoupledto,hesuppor,member904using 
.5 ^ coupltng 922. P^ferably. the sea«ng steeve 942 has a substantially annu J 
cross-section. 

■^«»'^»'eeve942maybefabricat«l,„manynumberofconventional 
comme.,allyavai.ab.emateHalssuchas.fore.ample.steel.alum,„umorcas.iron 

20 order to optunaJly provide dtillability of the sealing sleeve 942 

In a particularly prefened embodiment, the outer surface of the sealin. 

s.e«942.cludesoneormo.p„s.ofac^.e.heco™.ec«o„be.:i':^ 
sealing sleeve 942 and the body of cement 932. 

'"^'^^"'^'^P'«f«-™^en>bodimen,,hespacer938amltheseali„g*^^ 

The upper cone Plainer 944 Is coupled to the expansion cone 928. the 

sealing sleeve 942, and the body of cement .iw n,.H™ 

y<'>cement932. Dunng operation of the apparatus 

900.,heuppe,cone,e.ainer944prefe,ablypreventsaxialmouonoftheexpanslon 
'^^'^'"^•'^•""'^'"""^'^-^^-"•""'--al.yannulZr 
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The upper cone retainer 944 may be fabricated from 'any number of 
conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer944 is 

fabricatedfromaluminumin order tooptlmallyprovidedrillabilltyoftheuppercone 
5 retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 
10 of material that would have to be drilled out. 

The lubricatormandrel946is coupled to the retainer924. the mbbercup926. 
the upper cone retainer 944. the lubricator sleeve 948. and the guide 950. During' 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 
15 mandrel906andthelubularmember902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel 
aluminum or cast Iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated fromaluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to tiie lubricator mandrel 946 the 
retainer 924. the mbber cup 926. the upper cone retainer944. the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900. the lubricator sleeve 
25 948 preferably supports the mbber cup 926. Preferably. tt,e lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as. for example, steel 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 



As illustmted In Fig. 9c, the lubricator sleeve 948 Is supported '^i the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the mbber cup 926 The 
retainer 924 couples the nibber cup926 to the lubricator sleeve 948. In aprefened 
embodiment, seals 949a and 949b are provided between the lubricator mandrel 
5 946. lubricator sleeve 948. and rubber cup 926 in order to optimally seal off the 
interior region 972 of the tubular member 902. 

The guide 950 Is coupled to the lubricator mandrel 946. the retainer 924, and 
the lubricator sleeve 948. During operation of the apparatus 900. the guide 950 
preferably guides the apparatus on the support member 904. Preferably, the guide 
10 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas.forexample.steel.alumlnumorcastiron 
In a prefen^ embodiment, the guide 950 is fabricated from aluminum order to 
optimally provide drillability of the guide 950. 

15 Thefluidpassage952lscoupledtoU,emandrel906. During operation of tfie 

apparatus. Uie fluid passage 952 preferably conveys haidenable fluidic materials 

Inapreferred embodiment, ttie fluid passage 952ispositioned about tiiecenteriine 
of the apparatus 900. In a particulariy preferred embodiment, the fluidpassage 952 

.sadaptedtoconveyhardenablefluidlcmaterialsatpressuresandflowrateranging 
20 ^«>'nabout0to620.52813bar(0to9.000psi)and0to 11356.2355 litres/minuteCO 
to 3.000 gallons^min) In order to optimally provide pressures and flow rates to 
displace and circulate fluids during ttie installation of the apparatus 900. 

The various elements of the mandrel 906 may becoupled using anynumber 
of conventional process such as, for example, tiueaded connections, welded 

25 connectionsorcementing. In a preferred embodiment. ti,e various elements of ttie 
mandrel 906 are coupled using Uireaded connections and cementing. 

The shoe 908 preferably includes a housing 954. a body of cement 956, a 
sealing sleeve 958. an extension tube 960. a fluid passage 962. and one or more 
outiet jets 964. 

30 Thehousing954lscoupledtotfie bodyofcement 956 and the lower portion 

914ofti,etubularmember902. During operationofttieapparatus900.ti,e housing 
954 preferably couples the lowerportionof tf»e tubular member 902 to the shoe 908 
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to facilitate the extrusion and positioning of the tubular member 902. Preferably, 
the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabiKty of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 Includes one or more protmsions to faciUate the connection between the body 
of cement 956 and the housing 954. 
1 0 The body of cement 956 is coupled to the housing 954. and the sealing sleeve 

958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to pem.it the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of Oie body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as. for example, aluminum or lion may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956. the extension 
tube 960. ttie fluid passage 962. and one or more outlet jets 964. During operation 
20 of ttie apparatus 900. the sealing sleeve 958 preferably is adapted to convey a 
hardenable fluidlc material from the fluid passage 952 into the fluid passage 962 and 
then into the outlet jets 964 in order to inject the hardenable fluidic material Into an 
annular region external to the tubular member 902. In a preferred embodiment 
during operation of the apparatus 900. the sealing sleeve 958 further includes an 

25 'n'etgeometrythatpem.itsaconventionaIplugordarl974tobecomelodgedlnUie 
.met of tiie sealing sleeve 958. In this manner, ttie fluid passage 962 may be 

blocked ttierebyfluidiclylsolating tiieinteriorregion966of the tubularmember902. 

In a prefen^ed embodiment, the sealing sleeve 958 has a substantially annular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a prefened embodiment, the sealing sleeve 958 is 
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ikbricated from aluminum in order to optimally provide drillabiHty'ohhe sealing 
sleeve 958. 

— The extension tube 960 is coupled to the sealing sleeve 958, the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to iiyect the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealmg sleeve 960 further includes an inlet 

10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 

therebyfluididyisolatingtheinteriorregion966ofthetubularmember902. In 
a preferred embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 m order to optimally fadliate the transfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross-section. The extension tube 960 may be fabricated fttim any number 
of conventional commerciaUy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube'960 is' 
20 fabricated from aluminum in order to optimally provide drillabihty of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealmg sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 
25 P«ferredembodhnent,<hefluidpassage962ispositionedaboutthecenterlineof 
theapparatus900. In a particularly preferred embodhnent, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging fiom about 0 to 620.52813 bar (0 to 9.000 psi) and 0 to 1 1356.2355 (0 to 3.000 
gallons^) in order to optimally provide fluids at operatior^ally efficient rates. 
30 The outJet jets 964 are coupled to the sealingsleeve 958, the extension tube * 

960. and the fluid passage 962. During operation of the apparatus 900, the outlet 
_ jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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^ tother^onerterioroftheapparatusSOO. faa'prefei^'emboim^t. the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as. for example, threaded comiections. cement or 
machmed from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantiaUy as 

described above with reference to Kgs. 1^ to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation 

a dnU string is used in a weU known mamier to drill out material from thJ 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is ti^en positioned in the new section of the wellbore. In a particular^ 
preferred embodiment, the apparatus 900 includes the tubular member 915 In a 
preferred embodiment, a haxdenable fluidic sealing hardenable fluidic sealing 
20 '^terial is then pumped from a surf^ location into tiie fluid passage 918 The 
hardenablefluidicsealingmaterialthenpassesfromthefluidpassage918intothe 
interior region 966 of the tobular member 902 below the mandrel 906 The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. Ilie hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and Alls an annular region between the 

ex^orofthetubularmember902andtheinteriorwallofthenewsectionofthe 
wellbore. Continued pumping ofthe hardenable fluidic sealing material causes the 
material to fill up at least a portion of the amiular region 

The hardenable fluidic sealing material is preferably pumped into the 
a^ula^rc^on a. p.ess„es and flow^tcs ranging, for ex^^^^ 
psi) and 0 to 567«. 1 1 77 litres/minute (0 to 1 tnn 

the h„H K. « gaUonsAnm). respectively. L. a preferred embodiment. 

thehardenabIeflu,d,cscalingma.eri.,isp„n,edintothe«„„^ 



and How rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable Huidic sealing material while not 
creating high enough drcuIaUng pressures such that circulation might be lost and 
that could cause the weUbore to collapse. The optimum pressures and How rales 
5 are preferably detemnined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mbc, cement or epoxy. In a prefen^ed embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for Uie weU section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

operationaldifficultiesduringthedisplacementofthecementin the annular region. 
The optimum composition of the blended cements is preferably determined using 
15 conventional empirical methods. 

The annular region preferably is filled witti the hardenable fluidic sealing 
nraterial in sufficient quantities to ensure tfiat, upon radial expansion of the tubular 
member 902, tiie annular region of the new section of the wellbore will be filled 
with hardenable material. 

Once the annular region has been adequately filled with hardenable fluidic 
sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 thereby fluidicly isolating tiie interior region 966 of the 
tubular member 902 from the external annular region. In a preferred embodiment, 
a non hardenable fluidic material is tfien pumped Into the Interior region 966 
25 causing the interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974, or oUiersimUar device, preferably is introduced 
into the fluid passage 962 by introducing the plug or dart 974. or other similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material witiiin the interior of the tubular members 902 and 915 is minimized. 
30 Once the interior region 966 becomes sufficientiy pressurized, the tubular 

members 902 and 915 are exti^uded off of ttie mandrel 906. The mandrel 906 may 
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^ be fixed or it may be expendible. During the 'rattfuaion'profcess, the inandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 ispreferably 
substantially stationaiy. 

5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise ai^y number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example. Multiple Stage Cementer (MSG) latchniownplug, Omega latch-down 
10 plugorthiee-wiperlatchdoMmpIugmodifiedlnaccordancewiththeteachingsof 
thepresentdisdosure. In a preferred embodiment, the phig or dart 974 comprises 
aMSC ktch^wnplugavailable from HaUiburton Energy Services inDaUa8,TX. 

After placement of the plug or dart 974 hi the fluid passage 962, the non 
hardenable fluidic material is preferab^r pumped into the interior region 966 at 
16 P«s««sandflowralesnmgingftomapproximateIy 34.473 to 620.52813 bar(500to 
9,000psi)and 151.4164 to 11356.2355 litres/minute (40 to 3.000 gallous/min) in order to 
optimally extnide tbe tubular membos 902 and 915 off of the mandrel 906. 

For typical tnbuta, a»„i«, 902 ..rf 915, tfce extrusion of ^ 
of tb. expandable niacdrel wiU begia whcnti»prea«« of the intedor region 966 re«Ae8 approximately 
34.473 to 620.52813 bar (500 to 9.000 psi). In . p«fened embodin^.,. the extrusion of tbe tubular 
n^c^be. 902 and 915 off of the mandrel 906 begins when the pressure of the interior region 966 reaches 
approxinutely 82.7352 to 586.041 bar (,.200 to 8.500 psO with a flow rate of about 151.4164 to 
4731.7648 litres/minute (40 to 1250 gallons^imute). 

^'^Stheextnisioriprocess.themai.drelPOemayberaisedoutoftheexpanded 
portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 

25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extmsion process the 
mandrel 906 is ndsed out of the expanded portions of the tubular members 902 and 91 5 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) in order to optimally provide 
puUmg speed fast enough to pemiit efficient operation and pemiit full expansion of the 
nrbular members 902 and 915 prior to curing of the hardenable fluidic sealing material- 
but not so fast that timely adjustment of operating parameters during operation is 

30 prevented. 



When the upper end portion of the tubiilkr member 9 15 is e'xtki'ded off of the 
mandrel 906. the outer surface of the upper end porUon of the tubular member 9 1 5 
will preferably contact the interior surface of the lower end portion of the existing 
casing to fomi an Huid tight overiapping joint. The contact pressure of the 
5 overiapping joint may range, for example, from approximately 3.447379 to 
1 .278.9514 bar (50 to 20,000 psi). In a preferred embodiment, the contact pressure 
of the overiapping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges ftom approximately 27,579028 to 
689.4757 bar (400 to 10.000 psi) in order to optimally provide contact pressure to 
1 0 acth^te the sealing members and provide optimal resistance such that the tubular 

member9l5and existing wellborecasing will cany typical tensileandcompressh^e 
loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when Uie mandrel 
15 906reachestt,eupperendportionoftiietubularmember915. In this manner, tiie 
sudden release of pressure caused by the complete extnision of ttie tubular 
member 91 5 off of tiie expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially «near fashion 
from 100% to about 10% during the end of Uie extnision process beginning when 

20 «heniandrel906hascompletedapproximatelyallbutabouttt,elast 1.524m (Sfeet) 
of the extnision process. 

In an alternative preferred embodiment, tiie operating pressure and/or flow 
rate of ti,e hardenable fluidic sealing material and/or tiie non hardenable fluidic 
material are controlled during all phases of tiie operation of tiie apparatus 900 to 
25 minimize shock. 

Alternatively, or in combination, a shock absort)er is provided in the support 
member 904 in order to absori, tiie shock caused by tiie sudden release of 
pressure. 

Alternatively, or In combination, a mandrel catching stmcture is provided 
30 above tfie support member 904 in order to catch or at least decelerate tiie mandrel 
906. 

Once tiie extmsion process is completed. ti,e mandrel 906 is removed from 
tfie wellbore. In a preferred embodiment. eiUier before or after tiie removal of tiie 



mandrel 906, the integrity of the fluldic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing Is tested using conventional methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
5 of the existing casing Is satisfactoiy, then tiie uncured portion of any of Uie 
hardenable fluldic sealing material witiiin the expanded tubular member 91 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of wellbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material wiUiin Uie 

interior of the expanded tubular members 902 and 915 Is then removed In a 
conventional manner using a conventional drill string. The resulting new section 
of casing preferably includes ttie expanded tubular members 902 and 915 and an 
outer annular layer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessaiy to remove the entire apparatus 900 from the interior of Uie wellbore due 
to a malfunction. In tills circumstance, a conventional drill string is used to drill out 
20 the interior sections of Uie apparatus 900 in order to facilitate the removal of Uie 
remaining sections. In a prefen-ed embodiment, Uie interior elements of Uie 
apparatus 900 are fabricated from materials such as. for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out Uie 
interior components. 

25 In particular. In a preferred embodiment, Uie composition of ttie Interior 

sections of Uie mandrel 906 and shoe 908, Including one or more of Uie body of 
cement932, Uie spacer 938. Uie sealing sleeve 942, Uie uppercone retainer944. the 
lubricatormandrel 946, Uie lubricator sleeve 948, the guide 950, ttie housing 954, the 
body of cement 956, Uie sealing sleeve 958, and the extension tube 960, are 

30 selected to permit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 
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malfunction downhole, the apparatus 900 may be easily removed from the 
welit>ore. 

RefeiTing now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and lOg a method and 
apparatus for creaUng a Ue-back Uner in a wellbore will now be described. As 
5 illustrated in Fig. 1 Oa, a wellbore 1 000 positioned in a subterranean fomiation 1 002 
Includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing 1006 preferably includes a tubular liner 101 2 and 
a cement annulus 1014. In a preferred embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figs. 1 la-1 If. 

In a particulariy preferred embodiment, an upper portion of the tubular liner 
1012 overiaps with a lower portion of the tubular liner 1008. In a particulariy 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more seaUng members 1016 for providing a Huidic seal 
between the tubular liners 1008 and 1012. 

Referring to Fig. 10b, in order to create a tie-back liner that extends from the 
overiap between the first and second casings, 1004 and 1 006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105, a tubular 
20 member 1 1 1 0, a shoe 1115, one or more cup seals 1 1 20, a fluid passage 1 1 30, a fluid 
passage 1 135, one or more fluid passages 1 140. seals 1 145, and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1105 is preferably adapted to 

25 controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of convenUonal commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substanUally as disclosed in U.S. Pat. No. 5,348,095, the disclosure 

30 of which is incorporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 
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The tubular member 1 1 10 is coupled to and supported by the'expandable mandrel 
1 105. The tubular member 1 105 is expanded in the radial direction and extruded off of the 
expandable mandrel 1 105. The tubular member 1 1 10 may be 

fabricated from any number of materials such as, for example, Oilfield Country Tubular 
5 Goods, 13 chromium tubing or plastic piping. In a prefened embodiment, the tubular 

member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1 1 10 may range, for example, 

from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 cms (1.05 

to 48 inches), respectively. In a prefened embodiment, the inner and outer diameters of 
10 the tubular member 1110 range from about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 

to 40.64 cms (3.5 to 16 inches), respecth^ely in order to optimally provide coverage for 

typical oilfield casing sizes. The tubular member 1 1 10 preferably comprises a solid 

member. 

In a preferred embodiment, the upper end portion of the tubular member 1 1 10 is 

1 5 slotted, perforated, or otherv^se modified to catch or slow down the mandrel 1 1 05 when 
it completes the extrusion of tubular member 1 1 1 0. In a preferred embodiment, the length 
of the tubular member 1 1 1 0 is limited to minimize the possibility of buckling. For typical 
tubularmember 1 1 lOmateriaJs, the length of the tubular member 1 1 10 is preferably limited 
to between about 12.192 to 6,0%m (40 to 20.000 feet) in length. 

20 The shoe 1 1 1 5 is coupled to the e]q>andable mandrel 1 1 05 and the tubular member 

1 1 10. The shoe 1115 includes the fluid passage 1 135. The shoe 1115 may comprise any 
number of conventional commercially available shoes such as, for example, Super Seal II 
float shoe. Super Seal II Down-Jet float shoe or a guide shoe with a sealing sleeve for a latch 
down plug modified in accordance with the teachings of the present disclosure. In a 

25 preferred embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with 
a sealing sleeve for a latch-down plug with side ports radiating off of the exit flow port 
available from Halliburton Energy Services in Dallas. TX, modified in accordance with the 
teachings of the present disclosure, in order to optimally guide the tubular memt>er 1 100 
to the overlap between the tubular member 1 100 and the casing 1012, optimally fluidicly 

30 isolate the interior of the tubular member 1 100 after the latch down plug has seated, and 
optimally permit drilling out of the shoe 1115 after completion of the expansion and 
cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1 1 40 in fluidic communication with the fluid passage 1 135. In this marmer, 
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vhe shoe 1115 injects hardenable fluidic sealing material into the region outside the 

shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials flrom entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional conunerdalliy available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrd 1105. The fluid passage 1130 
20 preferably extends from a position a4}acent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or ^xies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litreaWnute (0 to 3,000 gallons/minute) 
25 and 0 to 620.528 13 bar (0 to 9,000 psi) in order to optimally provide sufficient operating 
pressures to circulate fluids at opoational efficient rates. 

The fluid passage 1 135 permits fluidic materials to be transmitted frt>m fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 

The fhiid passages 1140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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^ expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or otfier similar device, to be placed in the fluid 
passages 1140 to thereby block ftirther passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 

5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1106. This permits the interior region of the tubular member 1110 below 

the e3q>andable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferablypositionedalongthe periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to conv^ xnaterials 
10 such as cement, drilling mud or epoades at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 62.52813 bar (0 
to 9,000 psi) in order to optimally fill Ae amiular region between the tubular member 
1 110 and the tubular liner 1008 with fluidic materials. In a prefored embodiment, flie 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
membw. lii this manner, die fluid passages 1 140 can be sealed off by introducing a plug, 
dart and/or ball sealing el«nents into 4e fluid passage 1130. In a preferred embodiment, 
the appaistas 1 100 includes a plurality of fluid passage 1 140. 

In an alternative embodiment, the base of the shoe 1116 inchides a sin^e 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or ottxer similar device, to permit the interior region of the tubular member 1110 
to be fluidicly isolated fi:om the exterior of the tubular member 1110. 

. The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1146 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon™ or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 conyprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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aydrauUc seal in the overlappingjoint and optimaUy provide load carrying capacily 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
asuflSdent fnctional force to support the expanded tubiilarmemberlllOf 

6 tubtdar liner 1008. In apreferred embodiment, the frictional force provided by the 
seals 1 145 ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000. 000 Ibf) in tension and 
compression in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an flTinniar member having sufiQcient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment^ the support 
member 1160 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 finTnilflr region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
_ off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any mmiber of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Climax 1500 Antisieze (3 100). 
20 In a preferred embodiment, the lubricant 1150 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1 160 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 1100 is minimized* 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensiure that no foreign material 
interferes with the expansion mandrel 1105 diuing the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
^ materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise aiqr nurnber of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV Packer 
or a drillable cement retainer. In a prefened embodiment, the packer 1155 
comprises an EZ Drill Packer available from Halliburton Enei^ Services in Dallas, 
5 TX. In an alternative embodiment, a high gel strength pill may be set below the tie- 
back in place of tiie packer 1 155. In anotiier alternative embodiment, the packer 
1 1 55 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within flie wellbore 1 100, a couple of wellbore volumes are circulated in order to 
10 ensure tiiat no foreign materials are located wittiin tiie weUbore 1000 Uiat might 
clog up tiie various flow passages and valves of tiie apparatus 1 1 00 and to ensure 
tiial no foreign material interferes wltti ttie operation of tfie expansion mandrel 
1105. 

As illustrated In Fig. 10c, a hardenable fluidic sealing material 1 160 is tiien 
1 5 pumped from a surface location into tiie fluid passage 1 1 30. The material 1 1 60 tiien 
passes from tiie fluid passage 1 130 into tiie interior region of Uie tubular member 
1 1 10 below tiie expandable mandrel 1 105. The material 1 160 ttien passes from ttie 
interior region of tiie hibular member 1110 into tiie fluid passages 1140. The 
material 1 1 60 then exits tiie apparatus 1 1 00 and fills tiie annular region between flie 

20 exterior of tiie tubular member 1 1 10 and tiie interior wall of tiie tubular liner 1008. 
Continued pumping of tiie material 1 160 causes the material 1 1 60 to fill up at least 
a portion of the annular region. 

The material 1 160 may be pumped into ttie annular region at pressures and 
flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) and 

25 0 to 5678.1 177 litres/minute (0 to 1,500 gallons/min), respectively. In a preferred 
embodiment, ttie material 1 1 60 is pumped into ttie annular region at pressures and 
flow rates specifically designed for Uie casing sizes being nin, ttie annular spaces 
being filled, ttie pumping equipment available, and ttie properties of ttie fluid being 
pumped. The optimum flow rates and pressures are preferably calculated using 

30 conventional empirical metiiods. 



The hardenable fluldic seaUng material 1 160 may comprise any number of 
conventional commercially available hardenable fluldic sealing materials such as. 
for example, slag mix, cement or epoxy. In a prefeired embodiment, the 
hardenable fluldic sealing material 1 160 comprises blended cements specifically 
5 designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1 1 10 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during the displacement of cement in the annular region. 
The optimum blend of tiie blended cements are preferably determined using 
10 conventional empirical metiiods. 

The annular region may be filled witfi the material 1160 In sufficient 
quantities to ensure ttiat. upon radial expansion of tfie tubular member 1110. the 
annular region will be filled wltti material 1 160. 

As illustrated in Fig. lOd, once ttie annular region has been adequately filled 

15 wiUimaterial n60,oneormoreplugs 1165.oroUierslmilardevices,preferablyare 
inti^oduced Into Uie fluid passages 1 140 ttierebyfluldicly isolating tiie interior region 

of the tubularmemberlllOfromtfie annular region extemaltottietubularmember 
niO. a preferred embodiment, anon hardenable fluidic material 1161 is then 
pumped Into ttie interior region of tiie tubular member 1 1 10 below tiie mandrel 
20 1105 causing the interior region to pressurize. In a partlculariy prefeired 
embodiment, the one or more plugs 1 165. or otiier similar devices, are intnxluced 
into tiie fluid passage 1 140 witfi the introduction of the non hardenable fluldic 
material. In this manner, tfie amount of hardenable fluldic material within ttie 
interior of tfie tubular member 1 110 is minimized. 
25 As Illustrated In Fig. lOe, once ttie interior region becomes sufficientiy 
pressurized, ttie tubular member 11 10 is extnided off of Uie expandable mandrel 

1105. During ttie extnjslon process, ttie expandable mandrel 11 05 is raised out of 
ttie expanded portion of ttie tubular member 1110. 

The plugs 1165 are preferably placed into ttie fluid passages 1140 by 
30 inti-oducing ttie plugs 1 165 into tiie fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 11 65 may comprise any number of conventional 
commerciallyavailabledevicesfrompluggingafluidpassagesuchas.forexample. 



brass balls, plugs, rubber balls, or darts modified in accordance with the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1165 comprise low density rubt>er balls. In an 
alternative embodiment, for a shoe 1 105 having a common central inlet passage, the plugs 1 165 
5 comprise a sii^le latch down dart 

After placement of the plugs 1 165 in the fluid passages 1 140, the non hardenable 
fluidic material 1 161 is preferably pumped into the interior region of the tubular member 
11 10 below the mandrel 1105 at pressures and flow rates ranging from approximately 
34.473 to 620.52813 bar (500 to 9.000 psi) and 151.4164 to 1 13,562.355 litres/minute (40 to 
10 30,000 gallons^min). In apreferred embodiment, after placement of the plugs 1 165 in the 
fluid passages 1 140, the non hardenable fluidic material 1 161 is preferably pumped into the 
interior region of the tubular member 1110 below the mandrel 1 105 at pressures and flow 
rates ranging from approximately 82.737 to 586.0543 bar (1 200 to 8500 psi) and 1 51 ,4 164 to 
4731.7648 litres/minute (40 to 1250 gallons/min) in order to optimally provide extrusion of 
15 typical tubulars. 

For typical tubular members 1 1 10, the extrusion of the tubular member 1 1 10 off of the 
expandable mandrel 1 1 05 will begin when the pressure of the interior region of the tubular member 
1110 below the mandrel 1 1 05 reaches, for example, approximately 82.737 to 586.0543 bar (1 200 to 
8500 psi). In a preferred embodiment, the extmsion of the tubular member 1 1 10 off of the 

20 expandable mandrel 1 105 begins when the pressure of the interior region of the tubular member 
1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 bar (1200 to 8500 psi). 

During the extrusion process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 fl/sec). In a preferred embodiment, 

25 during the extmsion process, the expandable mandrel 1105 is raised out of the 
expanded portion of the tubular member 1 1 10 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 fl/sec) in order to optimally provide permit adjustment of 
operational parameters, and optimally ensure that the extmsion process wiU be 
completed before the material 1 160 cures. 

30 In a prefenred embodiment, at least a portion 1 180 of the tubular member 

1 1 10 has an internal diameter less than the outside diameter of the mandrel 1 105. 
In this manner, when the mandrel 1 105 expands the section 1 180 of the tubular 
member 1 1 1 0, at least a portion of the expanded section 1 1 80 effects a seal with at 



least the weBbore casing 1012. In aparticulariy prefeired embodiment, the seal is 
efiected by compressing the seals 1016 between the expanded section 1 180 and 
the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1 180 of the tubular member 1 1 10 and the 
5 casing 1012 ranges from about 34.473785 to 689.6757 bar (500 to 1 0,000 psi) in order 
to optimally provide pressure to activate the sealing members 1 145 and provide 
optimal resistance to ensure that the joint will withstand typical extremes of tensile 
and compressive loads. 

In an altemative preferred embodiment, substantially all of the entire length 
1 0 of ttie tubular member 1 1 1 0 has an internal diameter less than the outside diameter 
of the mandrel 1 105. In tfiis manner, exlmsion of the tubular member II 10 by tiie 
mandrel 1 105 results in contact between substantially all of tfie expanded tubular 

memberlllOand ttie existing casing 1008. Inaprefened embodiment, ttiecontact 
pressure of tfie joint between ttie expanded tubular member 1 1 10 and tiie casings 
15 1008 and 1012 ranges from about 34.473785 to 689,6757 bar (500 to 10,000 psi) in 
order to optimally provide pressure to activate tfie sealing members 1145 and 
provide optimal resistance to ensure tiiat tiie joint will wittistand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, ttie operating pressure and flow rate of ttie 
20 material 1 161 is controllably ramped down when ttie expandable mandrel 1 105 
reaches the upper end portion of the tubular member 1 1 10. In ttiis manner, ttie 
sudden release of pressure caused by ttie complete extrusion of ttie tubular 
member 1 1 10 offofttie expandable mandrel II 05 can be minimized. Inaprefen^ed 
embodiment, ttie operating pressure of ttie fluidic material 1 161 is reduced in a 
25 substantially linear fashion from 100%toabout IO%during ttie end of ttie extnision 
process beginning when ttie mandrel 1 105 has completed approximately all but 
about 1 .524m (5 feet) of tfie extiusion process. 

Alternatively, or in combination, a shock absorber is provided in ttie support 
member 1 150 in order to absorb ttie shock caused by ttie sudden release of 
30 pressure. 
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Alternatively, or in combination, a nriandrel catching structure isprovided In 
the upper end portion of the tubular member 11 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Refemng to Fig. lOf, once the exlmsion process is completed, the 
5 expandable mandrel 1105 Is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105. 
the integrity of the fluidic seal of the joint between the upper portion of the tubular 
member 1110 and the upper portion of the tubular liner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactoiy, then the uncured portion of tiie material 1 160 within the expanded 
tubularmember 1 1 10 is then removed in a conventional manner. The material 1160 
within the annular region between the tubular member 1 1 1 0 and tiie tubular Uner 
1008 is tiien allowed to cure. 

15 AsiUustratedlnFig. 1 Of, preferably any remaining cured material 1 160wlUiin 

the interior of the expanded tubular member 1110 is tfien removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 
of casing 1 170 Includes ttie expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 160. 
20 As illustrated in Fig. lOg. the remaining bottom portion of ttie apparatus 1 100 
comprising Uie shoe 1 1 15 and pacl<er 1 155 is tfien preferably removed by drilUng 
out the shoe 1 1 15 and packer 1 1 55 using conventional driUing methods. 

In a particularly preferred embodiment, ttie apparatus 1 100 incorporates the 
apparatus 900. 

25 RefeiringnowtoFlgs. lla-llf.anembodlmentofanapparatusandmethod 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As lUustrated in Fig. 1 1 a. a wellbore 1200 Is positioned in a subterranean fomiation 
1205. The wellbore 1200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1 220. 

30 In order to extend the wellbore 1200 into the subterranean fomiation 1205. 

a drill string 1225 is used in a well known manner to drill out material from the 
subten-anean fonnation 1205 to fonm a new section 1230. 
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As illustrated in Fig. 1 1 b, an apparatus 1300 for forming a wellbore casing in 
a subtenanean fonnation is then positioned in the new section 1 230 of the wellbore 
100. The apparatus 1300 preferably includes an expandable mandrel or pig 1305, 
a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 1330, a 
5 fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1 345. The expandable mandrel 1 305 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
10 accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 
substantially as disclosed in U.S. Pat. No. 5,348,095, the disclosure of vMch is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

1 5 The tubulau- member 1 3 1 0 is coupled to and supported by the expandable mandrel 

1 305. the tubular memt>er 1 3 1 0 is preferably expanded in the radial direction and extruded 
off of the expandable mandrel 1305, The tubular member 1310may be fabricated from any 
number of materials such as, for example. Oilfield Countiy Tubular Goods (OCTG), 13 
chromium steel tubing/casing or plastic casing. In a prefened embodiment, the tubular 

20 member 1310 is fabricated from OCTG. The inner and outer diameters of the tubular 
meml>er I310mayrange,forexample, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 inches), respectively. In a prefened 
embodiment, the Inner and outer diameters of the tubular member 1310 range from about 
7.52 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respecth^ely 

25 in order to optimally provide minimal telescoping effect in the most commonly 
encountered wellt>ore sizes. 

In a preferred embodiment, the tubular memt>er 1310 includes an upper portion 
1 355, an intemiediate portion 1 360, and a lower portion 1 365. In a preferred embodiment, 
the wall thickness and outer diameter of the upper portion 1355 of the tubular member 

30 1310 range from about 0.375 to 3.81 cms (3/8 to 1 inches) and 8.89 to 40.64 cms (3 »/i to 
16 inches), respectively. In a prefened embodiment, the wall thickness and outer 
diameter of the intermediate portion 1360 of the tubular member 1310 range from about 
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1.5825 to 1.905 cms (0.625 to 0.75 inches) and 7.62 to 48.26 cnis (3 to 19 inches), 
respectively. In a prefen'ed embodiment, the wall thickness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8,89 to 40.64 (3.5 to 16 inches), respectively. 
5 In a particulaily preferred embodiment, the wall thickness of the 

intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally permit the placement of the apparatus in areas of the wellbore ha\ing 

10 tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred emtKKJiment, the upper end portion 1355 of the tubular member 1310 is 
stotted, perforated, or otherwise modified to catch or slow down the mandrel 1305 
when it completes the extrusion of tubular member 1310. In a preferred 

15 embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of the 
tubular member 1310 is preferably limited to between about 40 to 20,000 feet in 
length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
20 preferably includes fluid passages 1 330 and 1 335. The shoe 1315 may comprise any 
number of conventional commercially available shoes such as, for example, Super 
Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a sealing 
sleeve for a latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred emtxKiiment, the shoe 1315 comprises an 
25 aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
teachings of the present disctosure, inorder to optimally guide the tubular member 
1310 into the weObore 1200, optimally fluidicly isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
30 the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 1315 further includes one or more side 
ouUet ports in fluidic communication witii tiie fluid passage 1330. In this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 



outside the shoe ISlSand tubular member 1310. In a preferred embodiment, the 
shoe I315includes the fluid passage 1330 having an inlet geometry that can receive 
a nuidic sealing member. In this manner, the fluid passage 1 330 can be sealed off 
by introducing a plug, dart and/or ball sealing elements into the fluid passage 1330. 
5 The fluid passage 1 320 permits fluidic materials to be transported to and from 
thelnteriorFegionofthetubularmember ISlObelowtheejqiandable mandrel 1305. 
The fluid passage 1320 is coupled to and positioned within the support member 
1345 and the expandable mandrel 1305. The fluid passage 1320 preferably extends 
from a position adjacent to the surface to the bottom of the expandable mandrel 
10 1305. The fluid passage 1320 is preferably positioned along a centerline of the 
apparatus 1 300. The fhiid passage 1 320 is preferably selected to transport materials 
such as cement, drilling mud, or epoxies at flow rates and pressures ranging from 
about 0 to 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 
bar (0 to 9,000 psi) In order to optimally provide sufficient operating pressures to 
15 circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and from 
the region exterior to the tubular member 1310 and shoe 1315. The fluid passage 
1330 is coupled to and positioned within the shoe 1315 in fluidic communication 
with the interior region 1370 of the tubular member 1 310 below the expandable 
20 mandrel 1305. The fluid passage 1330 preferably has a cross-sectional shape that 
permits a plug, or other similar device, to be placed in fluid passage 1 330 to thereby 
block further passage of fluidic materials. In this manner, the interior region 1370 
of the tubular member 1310 below the expandable mandrel 1305 can be fluidicly 
isolated from the region exterior to the tubular member 1310. This pemiits the 
25 interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305 to be pressurized. The fluid passage 1330 is preferably positioned substantially 
along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 1 1356.2355 litres/minute (0 to 3,000 gallons/nUnute) and 0 to 620.52813 bar (0 to 
9,000 psl) in order to optimally fill the annular region between the tubular member 
1310 and tiie new section 1230 of the wellbore 1200 wiUi fluidic materials, in a 
prefened embodiment, the fluid passage 1330 
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includes an inlet geometiy that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1 330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 pemiits fluidic materials to be transported to and from the 
5 region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 in fluidic communication with the fluid 
passage 1330. The fluid passage 1335 is preferably positioned substantially along the 
centeriine of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging ftom 

10 aboutOto 1 1356.2355 litres/minute (0 to 3,000 gallons/minute) and 0 to 620.52813 bar (0 to 
9,000 psi) in order to optimally RU the aimular region between the tubular member 1310 
and the new section 1230 of the weilbore 1200 with fluidic materials. 

The seals 1 340 are coupled to and supported by the upper end portion 1 355 
of the tubular member 1310. The seals 1340 are further positioned on an outer 

15 surface of the upper end portion 1355 of the tubularmember 1310. The seals 1340 
pemiit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The seals 
1 340 may comprise any number of conventional commercially available seals such 
as, for example, lead, mbber, Teflon™, or epoxy seals modified in accordance with 

20 the teachings of the present disclosure. In a preferred embodiment, the seals 1340 
comprise seals molded from Stratalock epoxy available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide a hydraulic seal in the annulus 
of the overlapping joint while also creating opdmal load bearing capability to 
withstand typical tensile and compressive loads. 

25 In a preferred embodiment, the seals 1 340 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 1,000,000 IbO 
in order to optimally support the expanded tubular member 1310. 

30 The support member 1345 is coupled to the expandable mandrel 1305, tubular 

member 1310, shoe 1 3 1 5, and seals 1 340. The support member 1 345 preferably comprises 
an annular member having sufficient strength to carry the apparatus 1300 into the new 
section 1230 of the weilbore 1200. In a preferred 
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embodiment, the support member 1 345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 within the interior region 

10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1 375 that is coupled to the fluid passage 1 320. The wiper plug 1 350 may comprise 
one or more conventional commercially available v\iper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modifled in accordance with the teachings of the present 

1 5 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modifled in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 

20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and vah^es of the 
apparatus 1300 and to ensure that no foreign material Interferes with the extrusion 
process. 

25 As illustrated in Fig. lie, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 into the fluid 

30 passage 1 330. The material 1 380 then exits the apparatus 1 300 via the fluid passage 
1335 and fills the annular region 1390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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' pumping of the material 1380 catans the mateflai isie'td <iu up at least a portion 
of the annular region 1390. 

The material 1 380 may be pumped into the annular region 1 390 at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) 
5 and 0 to 5678.1177 litres/minute (0 to 1.500 gallons/min), respectively. In a 
preferred embodiment, the material 1 380 is pumped into the annular region 1 390 
at pressures and flow rates ranging firom about 0 to 344.73785 bar (0 to 5000 psi) 
and 0 to 5678.1 177 litres/minute (0 to 1,500 gallonsAnin), respectively, in order to 
optimally fill ttie annular region between the tubular member 1310 and the new 
10 section 1230ofttie wellbore 1200 with ttiehardenablefluidic sealing material 1380. 
The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a prefened embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
1 5 specifically for tiie well section being driHed and available from HalUburton Energy 
Services in order to optimally provide support for Uie tubular member 1310 during 
displacement of ttie material 1380 In tiie annular region 1390. The optimum blend 
of tfie cement is preferably determined using conventional empirical methods. 
Theannularregion 1 390 preferablyis filled witti ttie material 1380 in sufficient 
20 quantities to ensure tfiat. upon radial expansion of ttie tubular member 1310, ttie 
annular region 1 390 of Uie new section 1230 of ttie weUbore 1200 wiUbefiUedwitti 
material 1380. 

AsiDustratedinFig. lid, once ttie annular region 1390 has been adequately 
filled witti material 1380, a wiper dart 1395. or ottier similar device, is introduced 
25 into tfiefiuid passage 1320. Hie wiper dart 1395 is preferably pumped ttirough ttie 
fluid passage 1320 by anon hardenable fluidic material 1381. The wiper dart 1395 
Uien preferably engages Uie wiper plug 1350. 

As illustrated in Fig. 1 le, in a preferred embodiment, engagement of ttie 
wiper dart 1395 witti Uie wiper plug 1350 causes ttie wiper plug 1350 to decouple 
30 from ttie mandrel 1305. "Hie wiper dart 1395 and wiper plug 1350 ttien preferably 
will lodge in tiie fluid passage 1330, ttiereby blocking fluid flow ttirough ttie fluid 
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passage 1330, and fluididy isolatibj^ the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufTicientiy pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305, During the extrusion process, the expandable mandrel 
1306 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1396 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1396 may comprise any number of 
convmtional commercially available devices &om plugging a fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latch-down plug^dart modified in accordance with the teachings of 
16 the present disclosure. In apreferred embodiment, the wiper dart 1395 comprises 
a three wiper latchniown plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1396, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example. &om 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.11-77 lit^estoinutc (0 to 
1500 gaUons/min) in cider to optimally extmde the tubular member 1310 off of tbe 
mandrel 1305. In this mamier. the amount of hardenable fluidic material within the 
2g mtenor of the tubular member 13 1 0 is minimized. 

In a prefeired embodiment, after blocking the fluid passage 1330. the non hardenable 
flu«iic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates rangmg from approximately 34.473 to 620.52813 bar (500 to 9.000 psi) and 151 4164 to 
11356.2355 litresAninute (40 to 3.000 gallons/min) in order to optimally provide operating 
pressures to nuuntain the expansion process at rates sufficient to pemut adjustments to be made 
30 "'<1«-*tog parameters during the extrusion process. 



For typical tubular member 1310, the exitruslohof Ihe tubular member 1310 
off of the expandable mandrel 1305 will begin when the pressure of the Interior 
region 1370 reaches, for example, approximately 34.473 to 620.52813 bar (500 to 
9,000 psi). In a preferred embodiment, the extmsionofthe tubular member 1310 
5 off of the expandable mandrel 1 305 Is a funcUon of the tubular member diameter, 
wall thickness of the tubular member, geometiy of the mandrel, the type of 
lubricant, the composition of the shoe and tubular member, and the yield strei^th 
of the tubular member. "Die optimum flow rate and operating pressures are 
preferably detemiined using conventional empirical methods. 

0 During the extnislon process, ttie expandable mandrel 1305 may be taised out of 
the expanded portion of the tubular member 13 10 at rates ranging, for example, from about 
0 to 1 .524 m/s (0 to 5 ft/sec), hi a prefened embodiment, during the extrusion process, the 
expandable mandrel 1305 may be raised out of the expanded portion of the tubular 
member 1310 at rates ranging from about 0 to 0.6096ni/s ( 0 to 2 ft/sec) in order to optimally 

5 provide an efficienlprocess, optimallypennit operator adjustment of operation paramelere, 
and ensure optimal completion of Uie extnision process before curing of ttie material 1 380. 

When the upper end portion 1355 of tiie tubular member I3l0isextmdedoffof die 
expandable mandrel 1305, tiie outer surface of tiie upper end portion 1355 of Oie tubular 
member 1310 wHl preferably contact flie Interior surface of the lower end portion of ttie 

1 casing 1 21 5 to form an fluid tight overiapping |(rfnL The contact pressure of tiie overia^plng 
joint may range, for example, from approximately 3.447379 to 1,278.9514 bar (50 to 20,000 
psi). In a prefened embodiment, tiie contact pressure of tiie overiapping joint ranges from 
approximately 27.579028 to 689.4757 bar (400 to 10.000 psi) in order to optimally provide 
contact pressure sufficient to ensure annular sealing and provide enough resistance to 
wiOistand typical tensile and compressive loads. In a partlculariy prefened embodiment, 
die sealing members 1340 will ensure an adequate fluidic and gaseous seal in ttie 
overiapping joint 

In a prefened embodiment, tiie operating pressure and flow rate of tiie non 
hardenable fluidic material 1381 is controUably ramped down when ttie expandable 
mandrel 1305 reaches tiie upper end portion 1355 of ttie tubular member 1310. In ttiis 
manner, ttie sudden release of pressure caused by ttie complete extnislon of Uie tubular 
member 1310 off of ttie expandable mandrel 1305 can be minimized. In a prefeired 
embodiment, ttie operating pressure is reduced in a substantially linear fashion from 100% 
to about 1 0% during tiie end of ttie extnislon process beginning when ttie mandrel 1 305 has 
completed approximately all but about 1.524m (5 feet) of Uie extrusion process. 



Alternatively, or In combination, a sIiocKabsofber is provided in the support 
member 1345 in order to absorb tiie shocic caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided in 
5 the upper end portion 1355 of the tubular member 1310 in order to catch or at least 
decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200- Inapreferredembodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 
10 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1 215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1 355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1 380 within the expanded tubular meml>er 1 31 0 is 
15 then removed In a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated In Fig. 1 1 f, preferably any remaining cured material 1 380 vdttiin 
the interior of the expanded tubular member 1310 is tiien removed in a 
conventional manner using a conventional drill string. The resulting new section 
20 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 maythenbe removed by drilling out tiie shoe 1315using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
25 formation has been descrit>ed that includes installing a tubular liner and a mandrel 
in Uie borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by exUuding the liner off of the mandrel. The 
injecting preferably includes injecting a hardenable fluidic sealing material into an 
annular region located between the borehole and the exterior of the tubular liner; 
30 and a non hardenable fluidic material into an interior region of the tubular liner 
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below the mandrel. The method pitifeiab^ iniludes'fluiaicly isolating the annular 
region from the interior region before injecting the second quantity of the non 
hardenable sealing material into the interior region. The injecUng the hardenable 
fluidic sealing material is preferably provided at operating pressures and flow rates 
5 ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 567. 1 1 77 litres/minute 
(0 to 1,500 gallons/min). The injecting of the non hardenable fluidic material is 
preferably provided at operating pressures and flow rates ranging from about 34.473 
to 620.52813 bar (500 to 9000 psi) and 151.4164 to 1 1356.2355 litres/minute (40 to 
3,000 gallons/min). The injecting of the non hardenable fluidic material is 
10 preferably provided at reduced operating pressures and flow rates during an end 
portion of the extruding. The non hardenable fluidic material is preferably injected 
below the mandrel. The method preferably includes pressurizing a region of the 
tubular liner below the mandrel. The region of the tubular liner below the mandrel 
is preferably pressurized to pressures ranging from about 34.473 to 620.52813 bar 
15 (500 to 9,000 psi). The method preferably includes fluidicly isolating an interior 
region of the tubular liner from an exterior region of the tubular liner. The method 
further preferably includes curing the hardenable sealing material, and removing 
at least a portion of the cured sealing material located within the tubular liner. The 
method further preferably includes overiapping the tubular liner with an existing 
20 wellbore casing. The method further preferably includes sealir^ the overlap 
between the tubular liner and the existing wellbore casing. The method further 
preferably includes supporting the extmded tubular liner usir^ the overlap with the 
existing wellbore casing. The method further preferably includes testing the 
integrity of the seal In the overiap between the tubular liner and the existing 
25 weBbore casing. The method further preferably includes removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner t>efore curing. The 
method further preferably includes lubricating the surface of the mandrel. The 
method further preferably includes absorbing shock. The method further preferably 
includes catching the mandrel upon the completion of the extmding. 
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( An apparatus for creating a'cidsixlg in a box^hole located in a subterranean 

formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably indudes one or more sealing members 
adspted to prevent foreign material firom entering an interior region of the tubular 
member. The mandrel is preferably escpandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubin^^casing, and plastic casing. The 

1 5 nibular member preferably has iDDcr And outer di&mctcrs rscgiuig from sboixt 7.62 to 39.37 cms (3 to 13«5 
inches) aad 8.89 to 40:64 cms (3.5 to 16 inches), respectively. The tubular member preferably has a plastic 
yield point rangiDg from about 275.9028 to 9307.92195 bar (40,000 to 135,000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel. The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is driUable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior r^on of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 

30 second tubidar member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 

^ tubular member is preferably provided at operating pressures ranging from about 



( 34.473 to 620.52813 bar (500 to 9,000 psi). Tirprcksuriziiig of tie portidn of !he interior region of the 

second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

Alinerforuse in creatinganew section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described that includes an anntdar member. The annular member includes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidic sealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel. The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
anmilar body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fluidic sealing material into an Anmilflr 
region external of the tubular liner. Dming the pressurizing, the interior portion 
of the tubular liner is preferably fluidicly isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi). TTse tubular liner preferably 
25 overlaps with an existing wellbore casmg. The wellbore casing preferably fUrther 
includes a seal positioned in the overlap between the tubular liner and the pyjgHng 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
30 borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, iiy ecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 



( expanding the liner in the borehole by estruding the liner ofif of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consistmg 
of slag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
method further includes fluidicly isolating an interior region of the tubtilar liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of flmdic material is provided at operating pressures and flow 

rates ranging from about 34.473 to 620.52813 bar (500 to 9,000 psi) and 15L4164 to 113562355 
litres/minute (40 to 3,000 gallon£/min). In a prefeired embodiment, die injecting of the body of fluidic 
mateiial is provided at reduced operating pressures and flow rates during an end portion of the extruding. 

10 In a preferred embodiment, the fluidic smterial is injected below th^ In 
a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
masdiel is pressurized to pressiues rai^ging firom about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodiment, the method fUrther includes absorbing 
shock In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fltudic sealing 
material. The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel. The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 

b6 



during the pressurizing, the iniefior portion of the tubular Bner is fluidicly isolated 
fromanexteriorportionof the tubular liner. In a prefenred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.52813 bar (500 to 9,000 psi). In a prefenred embodiment, the annular body of 
5 a cured fluidic sealing material is formed by the process of injecting a body of 
hardenable fluidic sealing material into an annular region between the existing 
wellbore casing and the tubular liner. In a preferred embodiment, the tubular liner 
overlaps with another existir^wellbore casing. In a preferred embodiment, the tie- 
back liner further includes a seal positioned in the overlap between the tubular liner 

1 0 and the other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overiap with the other existing wellbore casing. 

An apparatus for expandii^ a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to tiie first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe Is coupled to die tubular member. The shoe includes a ttiird fluid passage 
operably coupled to tiie second fluid passage, an interior portion, and an exterior 

20 portion. The interiorportionofthe shoe is drillable. Preferably, ttie Interior portion 
of the mandrel includes a tubular member and a load bearir^ meml)er. Preferably, 
(tie load bearing member comprises a drillable body. Preferably, the interior 
portion of the shoe includes a tubular member, and a load l>earing member 
Preferably, the load bearing member comprises a drillable body. Preferably, tiie 
exterior portion of the mandrel comprises an expansion cone. Preferably, the 
expansion cone is fabricated from materials selected from the group consisting of 
tool steel, titanium, and ceramic. Preferably, the expansion cone has a surface 
hardness ranging from about 58 to 62 Rockwell C. Preferably at least a portion of 
the apparatus is drillable. 

Although illusuative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in tiie foregoing disclosure. In some instances, some features of ttie present 
invention may he employed without a corresponding use of the other features. 



Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



CLAIMS 



1. A tubular liner, comprising: 

a first tubular portion having a first inside 
5 diameter; 

a second tubular portion having a second inside 
diameter; 

an intermediate tapered tubular portion for 
coupling the first and second tubular portions to each 
10 other; and 

one or more sealing members coupled to the 
exterior surface of at least one of the tubular 
portions; 

wherein the first inside diameter is greater than 
15 the second inside diameter and 

wherein at least one of the first and second 
tubular portions define one or more pressure relief 
passages . 

20 2. The liner of claim 1, wherein the tubular liner is 
fabricated from materials selected from the group 
consisting of: 

automotive grade steel, plastic, and chromium 
steel . 

25 

3. The liner of claim 1, wherein the tubular liner 
includes an outer diameter and a wall thickness ranging 
from 8.89 cms to 48.26 (3:5 to 19 inches) and 0.3175 to 
3.175 cms (1/8 to 1.25 inches), respectively. 

30 

4. The liner of claim 1, wherein the length of the 
liner ranges from 12.192 to 6.096 m (40 to 20,000 
feet) . 

35 5. The liner of claim 1, wherein the wall thickness 
and outside diameter of the second txibular portion 



ranges from 0.375 to 3.81 cms (3/8 to 1.5 inches) and 
8.89 to 40.64 cms (3.5 to 16 inches), respectively. 

6. The liner of claim 1, wherein the wall thickness 
5 and outside diameter of the tapered tubular portion 

ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

7. The liner of claim 1, wherein the wall thickness 
10 and outside diameter of the first tubular portion 

ranges from 0.3175 to 3.175 cms (1/8 to 1.25 inches) 
and 8.89 to 48.26 cms (3.5 to 19 inches), respectively. 

8. The liner of claim 1, wherein the first tubular 
15 portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; and wherein the first wall thickness is 
less than the second wall thickness. 

20 9. The liner of claim 1, wherein the second tubular 
portion includes one or more radial passages. 

10. A tubular liner, comprising: 

a first tubular portion having a first inside 
25 diameter; 

a second tubular portion coupled to the first 
tubular portion having a second inside diameter; and 

a third tubular portion coupled to the second 
tubular portion having a third inside diameter; 

wherein the first and third inside diameters are 
both greater than the second inside diameter; 

wherein the second tubular portion includes one or 
more external sealing elements; and 

wherein at least one of the first and third 
tubular members define one or more pressure relief 
passages . 
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11. The liner of claim 10, wherein the first tubular 
portion has a first wall thickness; 

wherein the second tubular portion has a second 
wall thickness; 
5 wherein the third tubular portion has a third wall 

thickness; and 

wherein the first and third wall thicknesses are 
both less than the second wall thickness. 

10 12. The liner of claim 10, wherein the first and third 
tubular portions each include one or more radial 
passages . 

13. The liner of claim 1, wherein an end of the second 
15 tubular portion comprises one or more slots, 

14. The liner of claim 1, wherein an end of the second 
tubular portion comprises one or more perforations. 

20 15. The liner of claim 8, wherein the intermediate 
tapered tubular portion includes an intermediate wall 
thickness; and 

wherein the intermediate wall thickness is less 
than the second wall thickness. 

>5 

16- The liner of claim 10, wherein an end of the first 
tubular portion comprises one or more slots. 

17. The liner of claim 10, wherein an end of the first 
\0 tubular portion comprises one or more perforations. 

18. The liner of claim 10, wherein the first inside 
diameter is greater than both the second and third 
inside diameters. 
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